Applicant: Paola CAPODIECI, et ah BEST AVAILABLE COPY 

Application No. 10/624,233 
Response/Amendment Dated March 30, 2005 
Reply to Office Action of September 30, 2004 

REMARKS/ARGUMENTS 

Amendments: 

Claims 1-13 and 33 are pending. Claim 1 was amended to incorporate the recitations of 
claims 3, 4, 5, and 8. Support for the amendment to claim 1 is in original claims 1, 3, 4, 5 and 8. 

Claims 3-5, 7-8 and 11-12 are canceled. 

Claim 6 has been amended to depend on claim 2 - to correct a typographical error. 

Claim 9 has been amended to depend on claim 1 instead of canceled claim 8. 

Claim 10 has been amended to recite that the cooked composition is prepared according 
to the method of claim 1. Support for this amendment is in original claims 1 and 10. 

Claim 33 has been amended to more clearly define the invention. Support for the 
amendment is in original claims 1, 3, 4, 5, 8 and 33. Further, claim 33 has been amended to 
correct a typographical error in numbering. 

No new matter is added and the entry of the amendments is respectfully requested. 
Claim Objections 

The claims were objected to because two claims were mistakenly listed as claim 22. 
Applicants have canceled claims 12-32 to remove this inconsistency. Claim 33, erroneously 
listed as claim 32, has been amended to correct the typographical error. Since the pending 
claims, as amended, no longer contain duplicate numbers, withdrawal of this objection is 
respectfully requested. 

Specification Objections: 

The Examiner has objected to the specification as allegedly containing improper 
incorporations by reference (Office Action, page 2). The Examiner states that the instant 
application uses "omnibus" language and fails to teach with particularity where specific 
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information is to be found in each reference. Id. In support of this objection, the Examiner cited 
Advanced Display Systems, Inc. v. Kent State Univ., 54 U.S.P.Q.2d 1673 (Fed. Cir. 2000) and 
also highlighted sections of Advanced Display Systems, Inc. that cited In re Seversky, 474 F.2d 
671 (C.C.P.A. 1973) and In re Lund, 376 F.2d 982 (C.C.P.A. 1967). Applicants respectfully 
traverse this objection. 

First, the Seversky and Lund cases are not applicable to the instant application. In the 
Seversky case, the Court of Customs and Patent Appeals held that the simple statement that a 
daughter application was a "continuation-in-part" of a parent application was insufficient to 
incorporate the parent application by reference. Seversky, 414 F.2d at 674. In the Lund case, the 
Court of Customs and Patent Appeals held that a single sentence in a pending application 
indicating that it was a "continuation-in-part" of an abandoned application was insufficient to 
incorporate the abandoned application by reference. Lund, 376 F.2d at 989. By contrast, the 
instant application contains clear language that the cited publications are "incorporated by 
reference" in the application. See, inter alia, page 10, lines 1-2 and page 28 last paragraph of the 
specification. Thus, Seversky and Lund are irrelevant to the instant case. 

Second, Applicants have specifically described where the information is found in the 
incorporated references. According to Advanced Display Systems, the incorporated material 
must be described with sufficient particularity to "one reasonably skilled in the art." Advanced 
Display Systems, 54 U.S.P.Q.2d at 1680. The instant specification discloses the first author, 
journal, volume, year, and page numbers for the incorporated publications. As an example, the 
paragraph spanning pages 4, lines 19-24 of the specification states: 

FISH has historically been combined with classical staining methodologies in an 
attempt to correlate genetic abnormalities with cellular morphology [see e.g., 
Anastasi et al., Blood 77:2456-2462 (1991); Anastasi et al., Blood 79:1796-1801 
(1992); Anastasi et al., Blood 81:1580-1585 (1993); van Lorn et al., Blood 
82:884-888 (1992); Wolman et al., Diagnostic Molecular Pathology 1(3): 192-199 
(1992); Zitzelberger, Journal of Pathology 172:325-335 (1994)]. However, 
several of these studies address hematological disorders where genetic changes 
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are assessed in freshly fixed smears from bone marrow aspirates or peripheral 
blood specimens. United States Patent No. 6,573,043 describes combining 
morphological staining and/or immunohistochemistry (IHC) with fluorescence in 
situ hybridization (FISH) within the same section of a tissue sample. 

Thus, the instant application discloses the first author, journal, volume, year, and page 
numbers for the Anastasi publications (6 pages each) and the van Lorn (5 pages), Wolman (8 
pages), and Zitzelberger publications (1 1 pages). It is respectfully asserted that one of skill in the 
art would know where to find these publications, and would be able to read the very small 
number of pages contained therein. Rather than "omnibus" language, the instant application uses 
specific citations that are accessible to skilled persons in the art. 

Third, Applicants point to the level of particularity that is required by the courts. In 
National Latex Products, the Sixth Circuit held that a brief statement was sufficient for 
incorporation by reference: "A suitable apparatus for continuous internal casting is shown in the 
application of Henry Martin and Paul Rekettye, Serial No. 179,726 filed August 16, 1950..." 
National Latex Products, 274 F.2d at 230; U.S. Pat. No. 2,629,134, col. 4. In In re Fried, The 
Court of Customs and Patent Appeals held that a short statement was sufficient for incorporation 
by reference: "The... steroid reactants can be prepared as disclosed in the applications of Josef 
Fried, Serial Nos. 489,769 and 515,917, filed February 21, 1955, and June 24, 1955, 
respectively." In re Fried, 329 F.2d 323, 325 (C.C.P.A. 1964). Compared to these statements of 
incorporation, Applicants have certainly provided sufficient particularity. 

For all of these reasons, Applicants respectfully assert that the specification includes 
proper incorporations by reference. Withdrawal of this objection is respectfully requested. 

$112 First Paragraph - written description 

Claims 1-13 and 33 have been rejected under 35 U.S.C. §112, first paragraph, as 
allegedly failing to comply with the written description requirement (Office Action, page 5). 
The Examiner states that the claims contain subject matter which was not described in the 
specification in such a way as to reasonably convey to one of skill in the art that the Inventors 
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had possession of the claimed invention and raised a number of issues to support the rejection. 
Id. Each one of these issues is addressed below. 

First, the Examiner states that the claimed method encompasses the preparation of fixed 
material from cells or tissue derived from any plant, as well as from any tissue found in any 
mammal, and therefore lacks sufficient written description (Office Action, page 8). For this 
rejection, the Examiner relies on the court's decision in University of California v. Eli Lilly and 
Co. 43 USPQ2d 1405 (Fed. Cir. 1997) (See, Office Action, sentence spanning pages 7 and 8). 
Applicants respectfully traverse as follows. 

University of California is clearly distinguished from the instant case. In University of 
California, the claims at issue were directed to recombinant plasmid with an insert that encodes 
insulin. University of California, 43 U.S.P.Q.2d at 1401. The Court held that the claims 
required human insulin-encoding cDNA and such cDNA was not disclosed in the specification. 
University of California, 43 U.S.P.Q.2d at 1404-05. Because of this, the Court affirmed a lower 
court decision that the claims are invalid. Id. at 1405. 

In contrast to the University of California case, Applicants' claimed invention is directed 
to methods of preparing tissues for in situ hybridization after the tissues samples have been 
prepared (See, e.g., claim 2 of the instant Application). In some instances, the prepared tissue is 
already fix treated (See, e.g., claim 1 of the instant Application). Therefore, the focus on the 
written description for such methods is misplaced. Applicants traverse this rejection because the 
claims are not directed to methods of preparing tissue samples or fixing tissue. See, e.g., 
independent claims 1,10 and 32. Methods of preparing tissues from various cell types, including 
methods for preparing fix treated tissue, are not claimed by the pending claims. Since 
preparation of tissues and fixed treated tissue is not claimed, it is immaterial whether the instant 
specification provide adequate description of how to prepare tissues from various cell types. 

Furthermore, the preparation of fixed treated tissue is well known at the time the instant 
application was filed (i.e., November 20, 2002). For example, methods for fixing various tissues 
are listed in Manual of Histological Staining Method of the Armed Forces Institute of Pathology 
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(3rd edition (1960) Lee G. Luna, HT (ASCP) Editor, The Blakston Division McGraw-Hill Book 
Company, New York (Exhibit 1)) and in the Armed Forces Institute of Pathology Advanced 
Laboratory Methods in Histology and Pathology (1994) Ulreka V. Mikel, Editor; Armed Forces 
Institute of Pathology, American Registry of Pathology, Washington, D.C. (Exhibit 2)). 

In fact, methods of preparing fixed tissue was sufficiently advanced by the time the 
instant Application was filed that automated tissue fixing machines were commonly patented. 
Automated tissue fixing technology are claimed in numerous issued US patents including, at 
least, US 6,058,788 (automated machine for fixing tissues (Exhibit 3)), US 4,834,943 (tissue 
processor for fixing and embedding resin impregnated specimens (Exhibit 4)), US 4,688,517 
(automated tissue fixation and embedding (Exhibit 5)), US 3,889,014 (machine for automatic 
fixation, dehydration, and clearing of tissue specimens (Exhibit 6)). Other examples of 
automated tissue processing and fixing machines are reported in 3,526,203 (Exhibit 7); 
3,771,490 (Exhibit 8); 3,227,130 (Exhibit 9); 2,959,151 (Exhibit 10); 2,386,079 (Exhibit 11); 
2,341,198 (Exhibit 12); 2,157,875 (Exhibit 13); 3,400,726 (Exhibit 14); 2,681,298 (Exhibit 15); 
and 2,684,925 (Exhibit 16). In summary, methods for preparing fixed treated samples from 
multiple tissues were well known at the priority date of the instant patent Application and 
automated machines and methods for fixing tissues have been the subject of numerous patents. 

Second, the Examiner asserts that the disclosure provides one working example and fails 
to disclose any other conditions for performing the claimed method. (Office Action, page 7, first 
paragraph). Applicants traverse and note that Examples are not required in a Specification. See, 
MPEP §2164, "[compliance with the enablement requirement of 35 U.S.C. [§] 112, first 
paragraph does not turn on whether an example is disclosed." The instant specification have 
■ provided a working Example and sufficient description throughout the text to practice the 
claimed invention. Specific teachings that may be found in the Specification is detailed below. 
For example the process of preparing a sample of fixed treated tissue is described in the 
Specification on page 16 line 7 to page 17 line 17 and on page 23 line 22 to page 25 line 11. The 
process of preparing cell lines and tissue for FISH is described in the Specification on page 17, 
line 19 to page 18 line 22. The process of fluorescence in situ hybridization (FISH) is described 
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in the Specification on page 18 line 24 to page 21 line 14. In addition, the Example section 
provides description for at least one method for performing the claimed invention. For these 
reasons, Applicants assert that the instant specification has provided a working Example and 
sufficient description throughout the text so that one of skill in the art would know how to 
practice the claimed invention without undue experimentation. 

Third, the Examiner assert that the specification does not disclose the composition of the 
a solution for deparaffinization and antigen retrieval. (Office Action, page 7). Applicants 
traverse this basis for rejection because solutions for performing deparaffinization and antigen 
retrieval was well known and commercially available at the time the instant application was filed 
(i.e., July 21, 2003). For example, it was known at the time the instant application was filed that 
"Declere™" solution from Cell Marque or "Reveal™" solution from BioCare Medical can both 
perform deparaffinization and antigen retrieval steps using just one solution. As support, 
Applicant submit a material data sheet from Sigma-Aldrich which shows that the Declere™ 
solution was available since at least August 2001 (See, Exhibit 17, date stamp of August 2001 on 
the bottom right hand corner). Applicants asserts that it is not necessary for the instant 
Specification to list the formulation of solutions that are well known and commercially available 
to those of skill in the art. 

Fourth, the Examiner asserted that the specification does not provide "an adequate 
description of any probe, labeled or otherwise" (Office Action, page 7, first paragraph) as a basis 
for rejection. It is Applicants' position that the description of probes and labels is immaterial to 
instant pending claims. The claimed methods and compositions, as embodied in pending claims 
1-13 and 33 do not encompass probes or labels and do not contain language directed to probes or 
' labels. It is immaterial whether probes and labels are described in the specification because only 
the claimed invention is required to be supported by the specification. Since the claimed do not 
recite probes or labels, the basis of rejection is moot. 



Page 9 of 15 



Applicant: Paola CAPODIECI, et aL 
Application No. 10/624,233 
Response/Amendment Dated March 30, 2005 
Reply to Office Action of September 30, 2004 

For the reasons stated above, it is therefore asserted that the instant application has met 
the requirements for written description for the claimed invention under 35 U.S.C. 112. 
Withdrawal of this ground of rejection is respectfully requested. 

$112 First Paragraph - enablement 

Claims 1-13 and 33 stand rejected under 35 U.S.C. § 112 first paragraph as allegedly 

nonenabling. Applicants traverse. 

The Examiner listed two basis for rejecting the claims. Each of the Examiner's basis of 
rejection is discussed below. 

First, the Examiner contends that the claims are not enabled because the claims 
encompasses using virtually any temperature, pressure and duration and that the disclosure fails 
to provide conditions under which the claimed method can be practiced for the full genus of cells 
and tissues. As discussed above, the claimed invention is directed to a method of prepared cell 
lines and tissues and such methods are well known. Furthermore, methods for pressure cooking 
a sample are well known. For Example, "pressuring cooking" is described in the review article 
by Shi et al. (Antigen Retrieval Immunohistochemitry: Past, Present, and Future, J. 
Histochemistry and Cytochemistry 45:327-43 (1997) (Exhibit 18)) and also by Miller et al. 
(Heat-induced epitope retrieval with a pressure cooker - suggestions for optimal use. Appl. 
Immunohistochem. 3:190-93 (1995) (Exhibit 19)) and Norton et al. (Brief, High-Temperature 
Heat Denaturation (Pressure Cooking): A Simple And Effective Method Of Antigen Retrieval 
For Routinely Processed Tissues., J. Pathol. 173:371-79 (1994) (Exhibit 20)). In addition, solely 
in an effort to expedite prosecution, Applicants have amended the independent claims to recite 
the pressure cooking is performed at a temperature of 125°C and a pressure of between 20 to 24 
PSI. For these reasons, Applicants assert that a person of skill in the art would know the proper 
temperature, pressure and other conditions to practice the invention without undue 
experimentation. 

Second, the Examiner alleged that the specification is not enabled because "it fails to set 
forth a reproducible procedure whereby the resultant product is used to overcome art-recognized 
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issues of enablement - namely, a problem set forth in Muhlhahn et al. (US 2004/0038270) 
associated with cells or tissue detaching from a slide while FISH is conducted" (Office Action, 
page 9, lines 19-24). 

Applicants note that Fluorescence In Situ Hybridization (FISH) is an established 
technique widely accepted in the art as a valid and verifiable approach for clinical diagnosis and 
research. Numerous researchers and other persons of skill in the art have successfully used FISH 
in spite of the alleged problems cited by the Examiner. For Example, numerous patents have 
been issued for methods involving FISH. See, e.g., US 6,548,259 entitled multiparametric 
fluorescence in situ hybridization (Exhibit 21); US 6,506,563 entitled multiparametric 
fluorescence in situ hybridization (Exhibit 22); US 6,221,607 entitled automated fluorescence in 
situ hybridization detection of genetic abnormalities (Exhibit 23); US 6,136,540 entitled 
automated fluorescence in situ hybridization detection of genetic abnormalities (Exhibit 24); US 
6,043,037 entitled rapid method for measuring clastogenic fingerprints using fluorescence in situ 
hybridization (Exhibit 25); US 6,007,994 entitled multiparametric fluorescence in situ 
hybridization (Exhibit 26); 5,792,610 entitled method for conducting multiparametric 
fluorescence in situ hybridization (Exhibit 27); and US 5,759,781 entitled multiparametric 
fluorescence in situ hybridization (Exhibit 28). Furthermore, fluorescence in situ hybridization 
(FISH) has been used in a variety of areas of research and clinical diagnostics for over 10 years 
(See, e.g., Gray, J. W. et al., Curr Opin Biotech 3:623-631 (1992) (Exhibit 29); Xing, Y. et al., 
In: The Causes and Consequences of Chromosomal Aberrations. I. R. Kirsch Ed. CRC Press, 
Boca Raton, pages 3-28 (1993) (Exhibit 30)). 

Based on the numerous reports of successful applications of FISH, Applicants 
" respectfully asserts that ordinary artisan can practice FISH without undue experimentation in 
spite of the alleged problems "with cells or tissue detaching from a slide while FISH is 
conducted" (Office Action, page 9, lines 1 9-24). In view of the detailed description, working 
example, and well-known techniques and factors disclosed in the instant application, it is 
respectfully asserted that the application provides sufficient guidance for the claimed methods 
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and composition. Withdrawal of the rejection of pending claims 1-13 and 33 is respectfully 
requested. 

§103 

Claims 1-13 and 33 stand rejected under 35 U.S.C. § 103 as allegedly obvious over Engle 
and Baschong . Applicants traverse. 

There is no motivation to combine Baschons with Engel because the two references are 
directed to incompatible methods. 

Engel is directed to inspection of immunostained tissue section by light microscopy at 
low magnification of lOx or 40x. See, Engel page 38, col. 1, first paragraph. Because Engel' s 
method uses light microscopy, it does not use an excitation frequency to stimulate fluorescence 
and it cannot detect autofluorescence (or any fluorescence). For this reason, autofluorescence 
cannot be a problem in Engel' s method. In contrast to Engel, Baschong is directed to controlling 
autofluorescence in confocal laser scanned tissue. See, Baschong , title. A person of skill in the 
art would find no reason to combine the autofluorescence technique of Baschong with Engel 
because autofluorescence is not a problem and is, in fact, undetectable in Engel' s low 
magnification (lOx to 40x) light microscopy method. 

There Is No Expectation of Success Even If Engel and Baschong Were Combined 

There is no expectation of success even if Baschong is combined with Engle . Baschong 
have conflicting results and states "the result of the present study highlight the fact that there is 
no general recipe available for the control of autofluorescence. Success was found in a tactical 
approach that can be summarized as choice of the appropriate reagent(s) by trial and error . . ." 
Baschong , page 1571, first column. Since Baschong have made no suggestions as to a method 
for reducing autofluorescence, a combination of Baschong and Engle , is merely an experiment 
which, in Baschong' s characterization, involves choosing the appropriate reagents by trial and 
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error. Further, as discussed in the next section, a combination of Baschong and Engel in any 
event would not lead to Applicants' claimed invention. 

Even If Baschong And Engle Were Combined, It Would Not Lead To Applicants 9 Claimed 
Methods And Compositions 

The claimed invention, is directed to a method used for preparing cell-line and/or tissue 
samples. In the method, cells are pressured cooked and treated with ammonia-ethanol and 
sodium borohydride (See, e.g., claims 1 and 33). Other claims are directed to compositions 
comprising a fixed-treated tissue, ammonia-ethanol and sodium borohydride. 

Baschong teaches that a combination of ammonia-ethanol treatment and sodium 
borohydride treatment is undesirable by stating: 

"[t]o our surprise, treatment with borohydride induced bright 
autofluorescence in erythrocytes that had otherwise remained 
inconspicuous (Figure IF). This undesirable effect was slightly 
diminished by adding ammonia-ethanol (Figure 1G) or sudan 
[black B] (Figure 1H) and even better if both reagents were 
combined (Figure II). Nevertheless, borohydride treatment once 
applied, autofluorescence in erythrocytes could not be completely 
abolished (Figure II)." Baschong at page 1567 (emphasis added). 

As discussed above, Engel refers to wet heat treatment for paraffin wax embedded tissues 
and is silent on the suppression of autofluorescence. One of skill in the art, in reading Baschong 
and Engle, would be discouraged from using a combination of borohydride and ammonia ethanol 
because Baschong states that the undesirable autofluorescent effect of borohydride treatment 
"could not be completely abolished." 

In fact, the cited references teaches away from the claimed invention. In contrast to the 
undesirable effects of borohydride and ammonia ethanol, Baschong states "A near to total 
absence of autofluorescence was attained by treatment with ammonia-ethanol and Sudan [black 
B]." Baschong at page 1567. Thus, there is no motivation to combine Baschong with Engel to 
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come up with Applicant's claimed invention. At best, a combination of Baschong and Engel 
would lead to the use of ammonia-ethanol and Sudan black B which does not contain all the 
recitations of Applicants' claims. 

For the reasons stated above, Applicants believe that the rejection of claims 1-13 and 33 
under 35 U.S.C. § 103 was improper and should be withdrawn in view of Applicants arguments. 
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CONCLUSION 



On the basis of the foregoing amendment and remarks, Applicants respectfully submit, 
that the pending claims are in condition for allowance. If there are any questions regarding this 
amendment and remark, the Examiner is encouraged to contact the undersigned at the telephone 
number provided below. 

While Applicants believe that no additional fees are due, the Director is authorized to 
charge all fees that may be due, or to credit any overpayment, to the undersigned's account, 
Deposit Account No. 50-0311, Ref. No. 24817-503, Customer No. 35437. 



Respectfully submitted, 



Date: March 30, 2005 




Ivor R. Elrifi, Reg. No. 39,529 
Eric Sinn, Reg. No. 40,177 
MINTZ LEVIN, et al. 
666 Third Avenue, 24 th Floor 
New York, NY 10017 
Telephone: (212)935-3000 
Telefax: (212)983-3115 
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Immunohistochemistiy: 

Antigen Detection in Tissue 



Gary L Bratthauer and Li la It Adams 



INTRODUCTION 

Immunohistochemistry involves the detection of specific chemical substances 
within tissue by the use of derived antibodies to the substances. Antibodies are 
applied to tissue sections and allowed to bind to their corresponding antigen. A 
detection system is then employed to identify the location of these antibodies 
using marker molecules that can be visually recorded. 

Antibodies are produced from the introduction of a specific chemical substance to 
the immune system of an unrelated species. The immune system has the innate 
ability to recognize, via specific receptor molecules, virtually any combination of 
amino acids, carbohydrates, or lipids and respond. This recognition is dependent 
on many factors, one of which is size. A molecule of several hundred daltons is 
required to initiate receptor recognition and immune response. This molecule is 
called the antigen. Many proteins are large enough to elicit an immune response 
and therefore are antigenic. Many other molecules, or small proteins, are not and 
must first be attached to a larger molecule. These small molecules can then be 
recognized by the immune system and are called haptens. When a foreign 
molecule is introduced to the body, it is recognized as such in conjunction with 
the particular human leukocyte antigen (HLA) receptors on macrophages. The 
macrophage digests the molecule and presents certain combinations of external 
groups of atoms called epitopes on the surface of the cell. The epitope is then 
brought into contact with helper T-cell lymphocytes, which help present the 
epitope to B-cell lymphocytes. The B cells synthesize immunoglobulin protein 
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In Situ Hybridization 



This chapter covers the in situ hybridization technique on paraffin-embedded 
material. The procedure can be varied in many different ways. We have chosen 
to present two versions, each discussed by a different department at the AFIP. 



In Situ Hybridization of Viral Inclusions 



Robert L Cunningham 



INTRODUCTION 

The advances in immunology and molecular biology have revolutionized diagnos- 
tic medicine and have greatly contributed to biomedical research as a whole. 
One of the techniques that utilizes both immunology and molecular biology is in 
situ hybridization (ISH). In situ is Latin for "in its original place" and hybridization 
means "to cause the production of a hybrid, a cross"; in this case, a hybrid of 
single-stranded genomic DNA and single-stranded probe DNA. It accomplishes 
this by enjoining powerful methodologies from the two systems. The diversity of 
the immunologic detection capability and the exquisite sensitivity of specific DNA 
base recognition together provide a new powerful tool for diagnosis and research. 
Appropriate immunological stains enable recognition of phenotypic changes that 
may reflect genotypic alterations. ISH can reveal those genotypic changes as well 
as oncogene expression, chromosomal mapping, infectious disease detection, 
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Polymerase Chain 

Reaction 



Ann H* Reid 



The polymerase chain reaction (PCR) is used to make large numbers of copies of 
a specific DNA sequence. Normal human genes are present at the level of two 
copies per cell, and viral or bacterial pathogens may be present at even lower 
concentrations. Standard laboratory techniques are unable to detect specific DNA 
sequences at such low levels. PCR allows the DNA to be copied over and over 
again (a process called amplification) until it is present in sufficient quantity to be 
easily detected. PCR can be used to demonstrate the presence or absence of a 
gene; to detect mutation, amplification, or rearrangement of a gene; and to detect 
viral or bacterial DNA. 

The DNA double helix is made up of two strands, each of which consists of a 
chain of deoxyribonucleotides. The backbone of the helix is formed by a series of 
phosphodiester bonds in which the 5' carbon of one sugar is bound to the 3' 
carbon of the next sugar by a phosphate. Thus, a DNA strand is said to have 
directionality. In a double helix, one strand runs in the 5* to 3' direction, while its 
complement runs in the 3' to 5' direction. The nitrogenous bases stack one on top 
of the other within the helix. There are four nucleotides that make up DNA: two 
purines, adenine and guanine, and two pyrimidines, cytosine and thymine. Each 
of these is bound by a hydrogen bond across the double helix with only one 
partner; thus, adenine is always found paired to thymine, and guanine is always 
found paired to cytosine. The exclusivity of this binding means that the sequence 
of one strand of DNA can always be deduced from the sequence of the other. 
(For more information on DNA structure, see reference 3.) The polymerase chain 
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Preparation of Nuclei 
for Flow Cytometry 



Annette Geissel and Joe L Griffin 



INTRODUCTION 

Flow-cytometric analysis, in contrast to slower static methods of DNA quantitation, 
lets us quickly determine the nuclear DNA content of large numbers of cells. DNA 
flow studies began in 1969 by Van Dilla et al. Initially these studies were limited to 
the use of hematopoietic tissues, such as peripheral blood, bone marrow cells, and 
lymphoid tissues. In the 1970's, methods for extraction of whole nuclei from fresh- 
frozen and/or fixed solid tissues were developed by various laboratories, which in 
turn lead to experimentation on fixed, paraffin-embedded tissues. Studies on 
archival material make use of methods developed in the early 1 980's for isolating 
and staining nuclei from paraffin-embedded tissues (Hedley et al. 1983, Hedley 
1989, McLemore et al. 1990, Heiden et al. 1991). Recovery of cells from thick 
paraffin sections allows retrospective studies on collections of tumors and correla- 
tion of flow data with clinical history. 

The methods described here reflect our experience and include modifications to 
previously published methods. 

DNA measurements by flow cytometry are based on the ability of certain fluores- 
cent dyes to bind specifically and in direct proportion to DNA under certain staining 
conditions. The principal dye for staining DNA is propidium iodide, which binds by 
intercalation (insertion) between the double strands of the DNA molecule. Nuclear 
fluorescence produced by laser excitation is measured and recorded as nuclei flow 
rapidly in single file through the laser beam. A computer records individual 
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Quantitative 

Staining Techniques for 

Image Cytometry 

Ulrika V. Mike! 



INTRODUCTION 

Over the last few decades image cytometry has become a tool increasingly 
applied to research in pathology. One of its main objectives is to determine the 
amount of deoxyribonucleic acid (DNA) in tumor cells in order to detect if the cells 
are aneuploid (have too much or too little DNA) and to determine how rapidly they 
are dividing or proliferating. The DNA content is determined by the amount of 
nuclear stain uptake in cell populations. This is done by measuring the optical 
density of cells stained with absorbance stains, which bind to nuclear chromatin 
in proportion to the amount of DNA, or the fluorescence intensity of cells stained 
with fluorochromes, which also bind stoichiometrically, i.e., in a proportional way. 
As pathologists have become more familiar with the technique, some of them are 
known to have used image cytometry as an aid in the diagnosis and prognosis of 
tumors. It is quite possible that the importance of this technique will grow and, in 
the future, routinely be applied and used in most histology laboratories. 

Absorbance cytometry 

The most commonly used stain for quantitative evaluation of nuclear DNA is the 
Feulgen reaction. This reaction is based upon cleavage of the purine-deoxyribose 
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Enzyme Histochemistry 

of Skeletal Muscle 

Carole L Gregory and Joe L Griffin 



INTRODUCTION 

This chapter briefly describes methods for staining frozen unfixed sections of 
muscle biopsies, as applied in the Muscle Laboratory, Department of Neuropa- 
thology, AFIP. Enzyme histochemical stains are usually the most useful diagnos- 
tic tools for the pathologist interpreting muscle biopsies. Those stains, with a few 
nonenzymatic stains used for general morphology and localization, are described 
in this chapter. While our standard biopsy also includes clamped muscle tissue 
for electron microscopy and for embedding in paraffin after formalin fixation, 
those topics are not considered here. 

Figures 6-1 to 6-12 illustrate artifacts and stains. At the end of the chapter are 
references to publications that include many photomicrographs of normal and 
diseased muscle stained by histoenzymatic and related methods. 

Some stains answer a yes-no question about a single enzyme to reveal rare 
deficiency states. Other stains reveal patterns useful for pathologic interpretation, 
such as NADH and ATPase to show fiber types (type grouping, type predomi- 
nance, type-specific atrophy, etc.), esterase for denervation (angular atrophic 
esterase-positive fibers), ATPase for reinnervation (intermediate-density fibers), 
and alkaline phosphatase for inflammation. 

The differences between type 1 and type 2 fibers are summarized in this memory 
sentence: "One mighty slow, fat, red ox." Type 1 fibers contain more mitochon- 
dria, are slow twitch, contain more fat, predominate in what used to be called red 
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Cytopathology 
Techniques 



Tracy L Raber and Leigh Buckner, IN 



INTRODUCTION 

Over the last several decades, cytology has become a widely accepted and 
integral component of pathology. It is routinely practiced, even in small laborato- 
ries where the cytotechnologist and/or cytopathologist may have to rely on help 
from the histology laboratory. This chapter is intended as a guide of preparatory 
techniques in cytopathology for histotechnologists, and other technical personnel, 
who find themselves helping out in a cytology laboratory. Thus, this is an abbrevi- 
ated version of methods in cytology and not intended for cytotechnologists. 

Cytology deals with the structure, function, multiplication, life history, and pathol- 
ogy of cells. Cytopathology implies changes to cells in disease, and cytology 
samples are examined for their nuclear and cytoplasmic details. Changes in cell 
patterns help to separate normal and abnormal cells from each other. Cytology 
preparations can therefore be diagnostic, or helpful in the diagnosis, of disease. 

Cell samples can be collected in several ways. The person who handles cytology 
specimens must be aware that the preparation of cytology samples varies 
depending upon the type of specimen and the collection method. Gynecologic 
material (Pap smears) and fine-needle aspirations are smeared and fixed prior to 
arrival in the cytology laboratory. They are fixed with alcohol-based spray fixative 
or 95% ethyl alcohol. Watery specimens, or sparsely cellular specimens, such as 
urines, cerebrospinal fluids (CSFs), and body cavity fluids must be placed on 
filters or concentrated for optimal cell recovery. Centrifugation concentrates cells 
into a pellet from which smears, or a cell block, can be made. Cytocentrifugation 
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A 

ABC See: avidin-biotin complex method 
Absorbance cytometry 1 31 
Absorption 21 
Absorption filter 144 

Acetate buffer, skeletal muscle stain reagent 173, 189 

Acetic acid, 0.2%, skeletal muscle stain reagent 182 

Acid hydrolysis, Feulgen reaction 132, 136 

Acridine orange stain 133, 152, 153 

Acriflavine 132, 150 

Acriflavine Feulgen stain 143, 150 

Adenosine 5'-triphosphate (ATP), skeletal muscle stain reagent 170, 171, 174 

Adenosine triphosphatase (ATPase), skeletal muscle stain 170 

Adenosine monophosphate deaminase (AMP-DA), skeletal muscle stain 180 

Adenosine-5-monophosphate (AMP), skeletal muscle stain 188 

AEC, amino ethyl carbazole 13,42,43 See also: Chromogens 

Affinity columns 22 

Agarose 92 

Agarose gel 78, 96 

electrophoresis 78, 92 

interpretation 94 
Alkaline phosphatase 14,178 

Alpha-naphthyl acetate in acetone, skeletal muscle stain reagent 176 
Amino ethyl carbazole (AEC) 13,42,43 See also: Chromogens 
Ammonia water, hematoxylin stain reagent 8 
Ammonium hydroxide (blueing bath), Papanicolaou stain reagent 222 
Ammonium sulfide, skeletal muscle stain reagent 171, 173 
Analyte 8 

Aneuploid, aneuploidy 113, 131 

histogram 112,135 
Annealing 42 
Anode lead 93 
Antibody 1,2, 20,24 

antibody selection 23 
Antigen 1, 20 

antigen-retrieval method. 15 
Antigen detection in tissue by ABC immunohistochemistry 27 
Antisense strand 78 
Antisera 20 
Archival tissue 123 
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Artifacts 17, 19,225 

ATP (adenosine S'-triphosphate), skeletal muscle stain reagent 170, 171 
ATPase (adenosine triphosphatase) 170 
Autoclave seals 1 1 
Autoclave tape 1 1 
Automated PCR 78 
Autoradiogram, PCR 96, 
interpretation 100 
Avidin 3, 4 

Avidin-biotin complex (ABC) 3, 7, 27, 59, 66 
Avidity, immunohistochemical reactivity 21 
Azure A Feulgen stain 139 

B 

B-cell lymphocyte 1 
Background reactivity 

immunohistochemistry 1 8 

in sity hybridization 53 
Bacterial pathogen, detection of , PCR 77 
Bands, PCR 95 

Basic f uchsin (pararosaniline) 1 32 

Basic incubation solution, skeletal muscle stain reagent 191 
Beads, microsphere 127 
Biohazard bags 1 1 
Biotin 3, 4 

biotin-labeled DNA probes 43, 59 

biotinylated enzyme 43 

biotinylated secondary antibody 27 
Blocking solution 

immunohistochemistry 9 

in situ hybridization 60, 64 
Blot, Southern 96 

Blueing bath, ammonium hydroxide, Papanicolaou stain reagent 222 
Borax-boric acid buffer, skeletal muscle stain reagent 178 
Bouin's fixative 138 

Branching enzyme (1 ,4-amylo:1 ,6-transglucosidase), skeletal muscle 188 
Branching enzyme and phosphorylase solution, skeletal muscle stain reagent 189 
Buffers 

CIP 104 

citrate 152 

kinase 102,104 

lower buffer 90 

PBA 116 

PBS 6,21,45,61,66,116 
PBSE 45 
PCR 89 
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phosphate 6, 1 45, 1 47, 1 68, 1 86, 230 
sodium barbital 173 
Tris 46, 60, 81 , 88, 1 02, 1 03, 1 1 5 
upper buffer 91 

c 

Calcium chloride, skeletal muscle stain reagent 170, 173 
Calf intestinal phosphatase (CIP), PCR reagent 103 

CI P buffer 104 
Carbowax, cytopathology techniques 209, 215 
Carnoy's fixative 132 
Carrier DNA, in situ hybridization 46, 59 

Case Management and Tracking Systems, immunohistochemical laboratory 

Cell block preparation 217 

Cell count, flow cytometry 119,121 

Cell cycle 134 

Cell suspensions, flow cytometry 113 
Central cores, skeletal muscle stain result 169 
Channel, flow cytometry 113 
Charged sites, immunohistochemistry 18 
Chatter, muscle biopsy problem 201 
Chick erythrocytes, flow cytometry controls 123, 127 
Chromogens 
AEC 48,13 

DAB (diaminobenzidine) 9, 48, 63 
Citrate buffer 152 
Cobalt chloride 

immunohistochemistry 1 4 

muscle stain, ATPase reaction 171 

muscle stain, reverse ATPase reaction 173 
Control, PCR 

negative, paraffin 85 

positive 85 

positive, PCR 85 

control gene 85 

control primers 85 
Copper sulfate, enhancer for DAB stain 60, 63 
Cornflaking, cytopathology preparation problem 225 
Count of nuclei 119 
Counterstains 

immunohistochemistry 8 

in situ hybridization 44 
Cross-contamination, cytopathology preparation problem 225 
Cross-reactivity, immunohistochemistry techniques 19 
Cryostat 166 

Crystal/Mount, slide mounting medium 13, 14, 44, 150, 152, 155 
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Cytology slide preparation 
cell block preparation 217 
cytospin preparation 219 
direct smears 214 
membrane filters 211 

Saccomanno method for preparation of sputa 215 
Cytology staining preparations 

destaining of slides 227 

Diff-Quik stain 228 

Giemsa stain 230 

PAP stain 221 

procedure for filters 224 

toluidine blue test 213 
CYTOPATHOLOGY TECHNIQUES 207 
Cytosine 77 
Cytospin 219 
Cytospin preparation 219 

D 

DAB (3,3 -diaminobenzidine) 3,4, 10, 27, 42,43, 60 See also: Chromogens 

DAPI, flow cytometry stain 1 15, 120 

Data collection, image cytometry 134 

Decalcify 1 6 

Denaturation 

in situ hybridization 42 

PCR 87 
Denaturation solution 62 
Denatured DNA 86 

Deoxynucleoside triphosphates (dNTPs), PCR 89 
Detection complex, in situ hybridization 48 
Detection, immunohistochemistry 

process 4 

system 1, 2, 21 
Determinants, immunohistochemistry 2 
Dextran sulfate solution, in situ hybridization reagent 46 
Diaminobenzidine (DAB) 7 See also: Chromogens 
Diastase solution, periodic acid-Schiff reaction (PAS) reagent 193 
Diff-Quik stain, cytopathology stain 208, 214,228 
Digestion solution 

immunohistochemistry 8 

in situ hybridization 43, 46, 65 

PCR 83 

flow cytometry 115,119 
Diluted serially, immunohistochemistry 23 
Diploid 134 

cell population and histogram 112, 113,135 
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diploid plus aneuploid populations 1 1 2, 1 35 
Direct smears, cytopathology techniques 214 
Disodium salt, ATPase stain reagent 170 
Dithiothreitol solution 

PCR 102,104 

myoadenylate deaminase stain 180 
DNA 42, 58, 77, 131 

bacterial, detection of 77 
carrier 62 
denatured 86 
double helix 77 
double-stranded 42, 77 
histograms 112, 135 
hybridization 43, 78 
markers 1 03 

radioactively labelled probe 78 
sequence 42 

single-stranded DNA (ssDNA) 42, 78 

single-stranded genomic DNA 41 

single-stranded DNA probe 41 

size markers 92 

target 86 

template 78 

viral, detection of 77 
DNA probe, in situ hybridization 42, 43 

(negative control) 47 

(positive control) 47 
dNTPs, PCR reagent 89 

Documentation, immunohistochemistry laboratory 25 
Double helix 42, 77 

E 

Edge artifact, immunohistochemistry 18 
EDTA, 200mM, in situ hybridization reagent 44 
Electrophoresis, PCR 78 
Elmer's glue 8 
Emission spectrum 133 
End labelling, PCR 101 

End labelling DNA size markers 103 

End labelling of oligonucleotide probes 101 
Endogenous enzyme 21 
Endogenous oxidation blocking solution 6, 10 
Enzyme 

digestion 43, 65, 1 1 3, 1 1 9 

entrapment 1 8 
Enzyme histochemistry 182 
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flash freezing 200 

sectioning 200 

staining 201 

troubleshooting 200 
ENZYME HISTOCHEMISTRY OF SKELETAL MUSCLE 161 
Eosin stain 184 
Eosin-65 stain 222, 226 
Epitopes 1 
Esterase 1 76 
Ethanol fixation 1 5 
Ethidium bromide 92, 133 

ethidium bromide staining 78 

interpreting ethidium bromide-stained gels 94 
Excitation spectrum 133 
Extraction buffer, PCR reagent 82, 83 

Extraction of DNA from formalin-fixed, paraffin-embedded tissue 81 

F 

F-1,6-di-P incubation medium, skeletal muscle stain reagent 191 
F-6-P incubation medium, skeletal muscle stain reagent 192 
False-negative results 

immunohistochemistry 20 

PCR 85 
False-positive results 

immunohistochemistry 17, 18, 21 

PCR 85 
Fc receptors 21 
Feulgen reaction 131 

classical 136 

azure A 139 

thionin 141 

acriflavine 143 

histogram 135 
FFPE, formalin-fixed, paraffin-embedded 81 
Fiber types, skeletal muscle 161 
Filters, cytopathology techniques 

Gelman 212 

millipore 212 

nucleopore 212 
Fine-needle aspirations 207 
5' End-Labelling Kit, PCR 103 
Fixation of smears 209 

Flash freezing of muscle biopsy tissue 163, 200 
Floaters, cytopathology preparation problem 225 
Flow cytometry 

count of nuclei 119 
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data collection 134 
deparaffinization 118 
fluorescence cytometry 1 33 
instrumentation 133 

isolation and staining of mononuclear cells from whole blood 126 

isolation and staining of nuclei from fresh tissue 125 

propidium iodide staining of nuclei 120 

protease digestion 119 

quality control 127 

rehydration 118 

tissue sectioning 118 

troubleshooting 123 
Flow histogram 

diploid cell population 112 

diploid plus aneuploid 112 
Flow-cytometric analysis 113 
Fluorescence cytometry 1 33 
Fluorescence staining methods 149 

Acriflavine 150 

Acridine orange 152 

Propidium iodine 120, 154 

DAPI 120 
Fluorescence intensity 113 
Fluorescent compounds 1 4 
Fluorimetry 133 

Fluormount, slide mounting medium 144 
Fluorochromes 1 31 , 1 33, 1 49 
Formalin-fixed, paraffin-embedded (FFPE) 81 
Formalin-saline 187 
Formamide 42 

formamide solution 46 

formamide solution, ultrapure 61 
Freezing artifacts, muscle biopsies 200 
Fresh tissue, flow cytometry preparation 123 

G 

G0-G1 113, 134 
G2-M 113,134 

Gallocyanine-chrome alum 132, 145, 147 
Gel electrophoresis 78, 92 
Gel loading buffer 92 

Gel/Mount, slide mounting medium 144, 152, 155 

Gelman filters 212 

Gene amplification, detection of 77 

Gene mutation, detection of 77 

Gene rearrangement, detection of 77 
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Giemsa stain 230 
Gill's hematoxylin 8, 27 

Glass microcarrier beads, in situ hybridization slide preparation 44, 47 
Glutaraldehyde fixation 1 5 

Glycerol gelatin, slide mounting medium 178, 181, 192,198 
Glycogen 188 

Gold particles, immunohistochemistry 14 

Gomori's trichrome stain 1 82 

Gram's iodine, skeletal muscle stain reagent 

(IKI) stock solution 189 

glycerin 189 
Gum tragacanth, muscle biopsy preparation 1 64 

H 

Hank's balanced salt solution (HBSS) 1 1 5 
Haptens 1 
HCI, 5N 136 
Heating block 44 
Hemacytometer 1 1 4, 1 26 
Hematoxylin 221, 182, 184 

Gill's hematoxylin 182 

Harris 1 hematoxylin 198 

Mayer's hematoxylin 49, 63, 194 
Hematoxylin and eosin for frozen sections 1 84 
Hemo-De, clearing agent 115 
Histones 42 
Histopaque 1077 126 
Horseradish peroxidase (HRP) 3, 43 
Hot-start, PCR 90 
Human leucocyte antigen (HLA) 1 
Humidity chamber 6,9, 10 

staining rack 10 
Hybridization 41,43, 78,98 

hybridization mixture 47, 62 

hybridization procedure 49, 64 
Hydrochloric acid bath 222 
Hydrogen peroxide 3, 10,46 

I 

Idiotype 2 

Image cytometry 131 

quantitative staining techniques 1 31 
Image-analysis video system 1 33 
Imidazole, DAB stain enhancer 60, 63 
Immunogen 2 

Immunoglobulin Fc receptors 21 
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IMMUNOHISTOCHEMISTRY: ANTIGEN DETECTION IN TISSUE 1 

Avidin-Biotin Complex Method (ABC) 8 

Peroxidase-antiperoxidase method (PAP) 12 
IN SITU HYBRIDIZATION (ISH) 41 

In Situ Hybridization of Viral Inclusions 41 

Interphase Cytogenetics in Paraffin Sections by In Situ Hybridization 58 
In Situ Hybridochemistry (ISHC) 59 

Incubation medium and solutions, skeletal muscle stain reagents 176, 178, 186, 

191,192 
Instrumentation, image cytometry 

photomultiplier 133 

scanning microspectrophotometers 133 

video systems 133 
Insulin solution, skeletal muscle stain reagent 188, 189 
Intermyofibrillar material, skeletal muscle stain result 1 83 
Interphase cytogenetics 58 

Interphase Cytogenetics in Paraffin Sections by In Situ Hybridization 58 
Inventory control, immunohistochemistry laboratory 25 
ISH (In Situ Hybridization) 41 

ISH Dry Method 65 

ISH Wet Method 66 
ISHC (In Situ Hybridochemistry) 59 

Isolation and staining of mononuclear cells from whole blood 126 
Isolation and staining of nuclei from fresh tissue 125 
Isopentane (2-methyl butane), muscle biopsy freezing 164, 165 

J 

JC virus probe 44 

K 

Kappa light chain 2 
KCI, 1M, PCR reagent 81 
Kinase 101 

Kinase buffer 102, 104 

L 

Laboratory organization, immunohistochemistry 23 
Laking 18 

Lambda light chain 2 
Liquid nitrogen 164 

List of reagent antibodies (Appendix 2), immunohistochemistry 30 
Lymphocyte control, image cytometry 134 
Lysate 83 
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M 



Magnesium, optimization of concentration 86 
Magnesium sulfate, 0.1 M, skeletal muscle stain reagent 178 
Mayer's hematoxylin 49, 63, 194 
Melanin 115 

bleaching of 115 
Membrane blocking solution (MBS), PCR reagent 98 
Membrane filters 211 
Metachromatic stain 153 
Methyl green 14, 17 

Microspheres, flow cytometry instrument standard 1 27 
Microtome 

decontamination 82 

knives 166 
Microwave oven 15, 59 

Microwave slides 64 
Millipore filters 212 
Mitochondria 169 

Modified Gomori's trichrome stain, skeletal muscle stain 182 
Monoclonal antibodies 2, 19,25 
Muscle 161 
biopsies 161 

fiber type 1 and type 2 161 
sectioning 166 
staining precautions 166 
Mutation, detection of 77 

Myelin of the nerve branches, skeletal muscle stain result 183 
Myoadenylate deaminase, skeletal muscle stain 180 
Myofibrils, skeletal muscle stain result 183 

N 

NADH (NADH diaphorase), skeletal muscle stain 168 
NADH staining solution, skeletal muscle stain reagent 169 
Naphthol 176 
Negative control 

immunohistochemistry 25 

PCR 82 
Neutral buffered formalin 132, 178 

Nitro-BT solution, skeletal muscle stain reagent 168, 180, 186, 191 

Nonfat dry milk, 5% 61 

Nongynecologic samples 225 

Nonspecific binding, immunohistochemistry 18 

Nonspecific reaction, immunohistochemistry 17 

Nonspecific esterase, skeletal muscle stain 176 

Normal hydrochloric acid solution, skeletal muscle stain reagent 193 



L 

248 



AFIP Advanced Laboratory Methods in Histology and 



Normal population, image cytometry 134 

Normal serum, immunohistochemistry 7, 9, 27 

Nuclear fluorescence 111 

Nucleic acids 42 

Nucleopore filters 212 

Nucleotides 77 

Nylon membrane, PCR 97 

o 

Oil red O in propylene glycol, skeletal muscle stain and reagent 198 
Oligonucleotide, PCR 

primers 101 

probes 101 
Optimizing PCR for a specific application 84 
Orange G stain 222, 226 

Osmium tetroxide solution, skeletal muscle stain reagent 196 
Osmium tetroxide-p-phenylenediamine lipid stain 196 
Overdigestion, immunohistochemistry 18 

P 

PAP (Papanicolaou) smears, cytopathology techniques 207, 210 
PAP (peroxidase-antiperoxidase) technique, 

immunohistochemistry procedure 12, 18 
Papanicolaou 208, 225 
Papanicolaou staining technique 208, 221 

quality control 226 

staining technique for filters 224 

destaining of slides 227 
Para-phenylenediamine, (p-Pd), skeletal muscle stain reagent 196 
Paraffin negative control, PCR 82, 83, 85 
Pararosaniline 1 32, 1 76 
Pararosaniline stock 176 

PBS (phosphate buffered saline) 6, 21 , 45, 61 , 66, 1 1 6 

PBA 116 

PBSE(1X) 45 
PCR See polymerase chain reaction 
Performance testing, immunohistochemistry 24 
Periodic acid-Schiff reaction (PAS), frozen sections 193 
Periodic acid solution, 0.5%, skeletal muscle stain reagent 193 
Permount, slide mounting medium 6, 14, 27, 63 
Peroxidase-antiperoxidase method for antigen detection 1 2 
Peroxidase-like, immunohistochemistry 17 
Phenol/chloroform/isoamyl alcohol, PCR reagent 103 
Phi-X DNA, PCR standard 103 
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Phosphate buffer 147, 168 

phosphate buffer, 1/1 5M 230 

phosphate buffer, 0. 1 M 6 

phosphate buffer, 0.2M 186 

phosphate buffer, pH 6.8 145 
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Chapter 7 

Preparation of Tissue 

FIXATION 

The foundation of all good histological preparations is adequate and complete 
fixation. Fixation is required to (1) prevent post mortem changes such as putrefaction 
and autolysis; (2) preserve various cell constituents in as life-like manner as possi- 
ble; (3) protect by hardening the naturally soft tissue, thereby allowing easy mani- 
pulation during subsequent processing; (4) convert the normal semi-fluid consistency 
of cells to an irreversible semi-solid consistency; (5) aid in the visual differentiation 
of structure by application of biological dyes and chemicals. To accomplish these objec- 
tives the tissue should be placed in the fixative immediately upon removal from the 
body or as soon after death as possible. 

The choice of fixing agent should be determined by the purpose for which the 
tissue is to be stained or preserved. 

Blocks should be cut thin enough so that the fixative will penetrate the tissue 
within a reasonably short time. To this end the block should not be more than 4mm in 
thickness and should be immersed in at least ten times its volume of fixative. 

Ten percent buffered neutral formalin is the most widely used fixative because 
it is compatible with most stains. The length of time for fixation depends upon the 
size of the block and fixative used. It is well to have a clear understanding of the effects 
of fixation, the time required for complete fixation of specific tissues, and the post 
fixation handling of tissue specimens. 

That many specimens may be ruined, by poor handling subsequent to proper 
fixation, has been proven. This generally occurs when one fails to realize that different 
fixatives require varied times to effect complete fixation; and the specimen may require 
a particular treatment, immediately following fixation, to insure retention of speci- 
fic staining properties. 

Additional useful knowledge, is the action of a simple fixative on different parts 
of the tissue specimen. A partial list of the characteristics of certain common simple 
fixatives and their various effects follows, while more detailed information in this regard 
can be found in: Baker, J. R.: Principles of Biological Microtechnique, New York, John 
Wiley & Sons, Inc., 1958. 

CHARACTERISTICS OF CERTAIN AGENTS USED AS FIXATIVES 

FORMALDEHYDE, 10% FORMALIN 

FORMALDEHYDE, Gas. Formaldehyde is a flammable colorless gas at ordinary 
temperatures having a pungent suffocating odor. It is very soluble in water (up to 55%) 
and also is soluble in both alcohol and ether. A very reactive reagent, it combines read- 
ily with many substances and polymerizes easily. 

FORMALDEHYDE, Solution (Formalin, Formol). A solution of about 37% by weight, 
of formaldehyde gas in water, usually with 10 — 15% methanol added to prevent poly- 
merization. This solution is the same strength as that known as Formalin 40%. 

1 



Chapter 2 

Processing of Tissue 

DEHYDRATING, CLEARING, IMPREGNATING, AND EMBEDDING 

A specimen brought to the laboratory is usually marked with an identifying num- 
ber or name. Keep this identification with the specimen throughout processing. All 
•aent.fy.ng marks should be made with a soft lead pencil. Do not use ink or wax pen- 

The surface from which sections are to be cut may be indicated by notching the 
opposite surface, or by marking it with India ink. An indelible lead pencil may also 
be used for this purpose. When the tissue is embedded in paraffin, the marked sur- 
face of the block is uppermost. 

Fixed tissues must be maintained in position by a firm medium so that thin uni- 
form sections, can be cut. Media suitable for this purpose are paraffin, celloidin, and 
carbowax. 

Processing by the paraffin technic is accomplished most rapidly and gives the 
best results when thin sections of soft tissue are desired. Since paraffin is not miscible 
with water, the tissue must be dehydrated and then cleared in solutions miscible with 
paraffin before impregnation. 

Well processed tissue is achieved by a step by step infiltration of the required 
reagents each preparing the tissue for the one to follow, so that the end result will 
be a section closely resembling the living state of the specimen. Every cell should be 
recognizable as to type, enabling the pathologist to focus all his attention on the cell 
pattern which determines the diagnosis. Properly fixed tissue is essential, as the fol- 
lowing steps of processing build upon it. 

It is always advisable to remove fixatives before processing. For various methods 
note remarks under each fixative in Chapter 1. 

Dehydration is the removal of all extractable water by a dehydrant diffusing through 
the tissue, and in the process diluting itself 2 - 4%. Some dehydrants used are tetra- 
nydroturan, acetone, dioxane, isopropyl alcohol, and ethanol. 

Alcohol is the most commonly used dehydrant usually tarting with 80%. Exceptions 
to this are when processing tissue with cavities, cysts, and embryos, which will have 
less shrinkage and distortion when started in 60%. Compact or fibrous tissue such 
as muscle, brain, lymph nodes, and glands infiltrate more rapidly and completely in 
the 60%, especially when vacuum is employed. Allow sufficient time in the starting 
alcohol for complete infiltration of the tissue. The dehydration process continues by 
upgrading the alcohols to absolute alcohol. Isopropyl alcohol can be used as a substi- 
tute for absolute alcohol if necessary, but absolute alcohol is alwavs preferred Note 
Isopropyl alcohol should not be used to dissolve dyes and reagents until it has been 
tested for each use against absolute alcohol. 

Acetone provides a rapid method, used sometimes in hospital laboratories and 
when required as a "stat" method. The low cost is an asset, but shrinkage and distor- 
tion plus a subsequent dryness and hardness which causes cutting problems, are dis- 
advantages to its use. 
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Chapter 3 

Preparation of Sections 



CARE AND USE OF MICROTOME KNIVES 

The cutting of good sections depends greatly upon practical experience and a 
complete thorough knowledge of the equipment used. Manual dexterity is a must; 
without it one may face a difficult task in handling the fine manipulative detail required 
in section cutting. Hurried and inadequate introductory and/or initial training will 
reflect badly for years afterward; conversely a high standard of training will prevail 
admirably throughout one's career. Speed in performing any phase of histologic tech- 
nique should never be a primary objective since it only leads to unsatisfactory pro- 
cessing, cutting, and staining of the tissue sections. A well trained tissue technician 
will produce first rate sections in a far shorter time than one who always is aiming 
primarily at speed. 

Since the results produced by histologic technique depend greatly upon the knives 
used to cut the sections, it is imperative that each technician know how to care for 
his knife as well as how to use it. A perfect edge on a microtome knife is difficult to 
describe, however, with a good knife edge, sections of 3 microns in thickness should 
easily be cut from well-processed, average-sized, tissue blocks. The sections should 
ribbon off the block in a flat unwrinkled fashion, much as paper comes off a printing 
press. Microscopically, the section must show no vertical lengthwise scratches or hori- 
zontal thick and thin areas, (see Artifacts, page 247). For problems and possible causes 
in cutting see Fig. 4. 

Knife sharpening can be accomplished by mechanical means on one of several 
kinds of commercial knife sharpeners. However, in the absence of such assistance, 
it should not be difficult to acquire the skill and ability to keep one s knife in a satis- 
factory condition using the hand-honing method. The quality of the section produced, 
more than compensates for the time spent in learning to keep, and in keeping, a knife 
properly sharpened. 

In hand-honing, naturally, good quality stones give the best results. They are ex- 
pensive, but only the best should be used. The finer the grain in a hone the harder 
the stone. The yellow Belgian and the Belgian black vein are the finest available any- 
where and are, therefore, highly recommended. It is best to purchase a combination 
hone: Belgian yellow vein and Belgian black vein, mounted back to back. 0 A liquid 
medium for sharpening with a hone is necessary, such as household 3 in 1 oil, mineral 
oil, vegetable oil, or a neutral soap solution. The choice must be left to the technician. 
At the Armed Forces Institute of Pathology, the neutral soap solution is used because 
it can be made readily by dissolving household (bar) soap in water. 

While honing, the knife should be kept flat, held to the hone by its own weight, 
with its edge facing the direction of the "heel to toe" motion, under continuous but 
light pressure (Fig. 5). 

•Microtome Knife Hone-Yellow Belgian, Fisher Scientific Co., 7722 Fenton St., Silver Spring, Md. 20910 
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Chapter 4 

Routine Staining Procedures 



HEMATOXYLIN AND EOSIN STAINS 

Hematoxylin, a natural dye which was first used about 1863, is without doubt 
the most valuable staining reagent used in histologic work. It has little affinity for tis- 
sue when used alone but in combination with aluminum, iron, chromium, copper or 
tungsten salts it is a powerful nuclear stain. It has polychromatic properties which 
may be brought out with the proper differentiation. The active coloring agent, hema- 
e.n, ,s formed by the oxidation of hematoxylin. This process known as "ripening" 

frrr ys> °; unless u is hastened by the additi ° n ° f »» 

such as mercuric oxide, hydrogen peroxide, potassium permanganate, sodium perborate 
or sodium lodate. These artificial oxidizers only start the process, so that the solution 
can be used immediately, but this oxidation process continues slowly over a period 
ot time, during which the hematoxylin retains its staining properties. Once oxidation is 
complete, the hematoxylin is no longer useful for staining. By increasing the amount of 
the oxidizing agent the process is much more rapid, thus decreasing the life of the stain so 
that the amount listed for a given formula should be closely observed. Storage is another 
factor that has an effect on oxidation. When stored in a dark, tightly sealed container the 
process is slower, but when in staining dishes exposed to light and air it is markedly 
increased, therefore, in a staining setup, the solution should be changed at least once a 
week for consistent staining results. 

The most common formulas for staining with hematoxylin are the combinations 
with aluminum in the form of alum. Those in general use were formulated by Harris, 
Mayer, Delafield, Ehrlich, Bullard and Bohmer. Sections stained with alum hema- 
toxylins may be counterstained with Eosin, Safranin, Phloxine or other contrasting 

The hematoxylins that are combined with iron and tungsten also have their uses 
Iron hematoxylin is used in staining myelin and as a nuclear stain in many of the tri- 
chrome and other special stain procedures. The one used most extensively in our labora- 
tory was formulated by Weigert. Mallory's phosphotungstic acid hematoxylin (PTAH) 
is also often used, however not as a nuclear stain. 

Although the hematoxylin and eosin stain has been used for nearly a hundred 
years, a few words of admonition concerning the stain are in order. The word "rou- 
tine, as applied to the hematoxylin and eosin procedure, should not be used in this 
connection for Webster defines "routine" as a regular, more or less unvarying procedure 
Any one that has worked with the H&E stain knows that many factors contribute to 
cause some variation in this technic. Examples of this could be: the fixative used the 
fixation exposure time, age of staining solution, etc. Therefore, we should not allow 
the term routine to cause the normal amount of laxness usually associated with it 

There are two methods of staining when hematoxylin is employed: Progressive 
and Regressive. 
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Special Techniques 

PROCESSING HUMAN TEMPORAL BONES 

We are pleased to include in this new edition of histological staining techniques 
the unaltered procedure for processing human temporal bones. This information was made 
available to the AFIP by Dr. Stacy R. Guild, Emeritus Associate Professor of Otology 
of the Johns Hopkins University School of Medicine. A procedure used by Dr. Guild 
after fifty years experience with human temporal bone histopathology, it is designed 
to minimize technical artifacts. It represents the distillation of knowledge after experi- 
menting with more than 40 separate histological procedures for human temporal bones. 
The delicate inner ear membranes require the most careful technical handling to prevent 
tearing or distortion. The AFIP is grateful to Dr. Guild for making this information 
available. 

INTRODUCTION 

The petrous portion of the temporal bone is the housing of the inner and middle 
ear structures, as well as containing other important tissues such as part of the carotid 
artery and the facial nerve. Specimens taken for study of the middle ear and inner 
ear structures should include bone anterior to the internal auditory meatus and pos- 
terior into the mastoid region. Between these two landmarks, the desired structures 
will be found. The specimen block may be removed by making a first cut perpendicular 
to the tentorial attachment anterior to the internal auditory meatus and a second cut 
perpendicular to the tentorial attachment 1-1/2 inches postero-lateral to the first. 
These cuts, if extended 3/4 inch anterolateral^ and inferiorly, will contain all of the 
middle ear and inner ear specimens. 

PROCEDURE 

1. Place fresh bone specimens in 20% formalin for one hour. Then change to 
fresh 20% formalin. Tip to allow trapped air to leave the mastoid and other air spaces. 
Tip slowly, several times, using glass rods or forceps to handle the specimen. 

2. Fix in 20% formalin for 24 hours. 

Use degassed water to dilute stock formalin. Degassed water is used in order 
to prevent bubbles from forming on the surfaces of the bone or within the labyrinth. 
Water may be degassed by subjecting water to a vacuum from a faucet aspirator or 
a pump for a few hours. Use a thick-walled flask which will withstand the vacuum. 
For a small number of temporal bones, a 1-liter amount will suffice daily; a 2-gallon 
jar will be required for large daily usages. After degassing, disconnect slowly from 
the vacuum; a rapid disconnection will agitate the water with bubble formation. When 
using the water, transfer by siphon so that it mixes with air as little as possible. 

400 ml of fixative is adequate for a pair of bones. In a pint jar add 80 ml of for- 
malin (a 40% solution of formaldehyde in water) to 320 ml of degassed water. Use 
a tall pint glass fruit jar with glass lid sealed by a rubber ring for each pair of bones. 
The pair should be kept together. 
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Chapter 6 

Methods For Connective Tissue 



LILLIE'S ALLOCHROME METHOD FOR CONNECTIVE TISSUE 

FIXATION. Any well fixed tissue. 

TECHNIQUE. Cut paraffin sections at 6 microns. 



SOLUTIONS 



SCHIFF REAGENT SOLUTION 

(See page 159) 

0.5% PERIODIC ACID SOLUTION 

Periodic acid .0.5 gm 

Distilled water 100.0 ml 

0.5% SODIUM METABISULFITE SOLUTION 

Sodium metabisulfite 0.5 gm 

Distilled water 100.0 ml 



WEIGERTS IRON HEMATOXYLIN SOLUTION 

(See page 35) 

PICRIC ACID-METHYL BLUE SOLUTION 

Picric acid, saturated aqueous 100.0 ml 

Methyl blue .40.0mg 

STAINING PROCEDURE 

1. Deparaffinize and hydrate to distilled water. 

2. Periodic acid solution for 10 minutes. 

3. Wash in tap water for 5 minutes. 

4. Schiffs reagent solution for 10 minutes. 

5. Sodium metabisulfite solution for two changes, 2 minutes each. 

6. Wash in tap water for 10 minutes. 

7. Weigert s iron hematoxylin solution for 2 minutes. 

8. Wash in tap water for 10 minutes. 

9. Picric acid-methyl blue solution for 6 minutes. 

10. Dehydrate in 95% alcohol, absolute alcohol, and clear in xylene, two chants 
each. Q 

11. Mount with Permount or Histoclad. 
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Chapter 7 

Methods For Cytoplasmic Granules 



DIAZO METHOD FOR ARGENTAFFIN GRANULES 

FIXATION. 10% buffered neutral formalin 
TECHNIQUE. Cut paraffin sections at 6 microns. 

SOLUTIONS 

1% BRENTAMINE FAST RED B SOLUTION (STOCK) 

Brentamine Fast Red B» I^IULK) 

Distilled water 1.0 gm 

Keep at 4 -5 °C. 100.0 ml 

LITHIUM CARBONATE SOLUTION (STOCK) 

Lithium carbonate 

Distilled water 1.36 gm 

Keep at 4-5°C. 100.0 ml 



BRENTAMINE FAST RED B SOLUTION (WORKING) 

Brentamine Fast Red B (Stock) 

Lithium Carbonate (Stock) 5.0 ml 

Mix and let stanrt f^r « o • 2.0 ml 

stand for 6 - 8 minutes at 4 - 5 °C before use. 

MAYER'S HEMATOXYLIN SOLUTION 

(See page 33) 

STAINING PROCEDURE 

1. Deparaffinize and hydrate to distilled water 

£■ Brentamme working solution at 4 -5 °C for 40 ^ an 

3- Rinse in distilled water, two changes * °° " 

4- Mayer's hematoxylin solution for 3 minutes. 

5. Blue in warm tap water for 5 minutes. 

6. Rinse in 95% alcohol, two changes 

^ 7. Dehydrate rapidly in absohite alcohol, then clear in xylene, two changes 

8- Mount with Permount or Histoclad. 
RESULTS 

Argentaffin granules _ rust red 

background ,, 
Nuclei 

- blue 

•Robe Surgic, , nsltumenl 810 . , 8lh ^ ^ ^ ^ ^ 
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Chapter 8 

Methods For Hematologic And Nuclear 
Elements 



WOLBACH S G I EMS A METHOD 

FIXATION. Zenker's or other well-fixed tissues. 
TECHNIQUE. Cut paraffin sections at 6 microns. 

SOLUTIONS 

GIEMSA* SOLUTION (STOCK) 

Giemsa powder 1 .0 gm 

Glycerin 66 0 ml 

Alcohol, methyl 66 0 ml 

Mix glycerin and Giemsa powder. Place in a 60 °C oven for 2 hours. Finally add 

the 66 ml methyl alcohol. 

GIEMSA SOLUTION (WORKING) 

Giemsa solution (stock) 125 ml 

Alcohol, methyl 15 ml 

Distilled water 50 0 ml 

ROSIN ALCOHOL SOLUTION (STOCK) 

Rosin, white 10.0 gm 

Alcohol, 100% 100 0 ml 

ROSIN ALCOHOL SOLUTION (WORKING) 

Rosin solution (stock) 5.0 ml 

Alcohol, 95% .40.0 ml 

STAINING PROCEDURE 

1. Deparaffinize and hydrate to distilled water. 

2. Remove mercuric chloride crystals with iodine and clear with sodium thio- 

sulfate (see page 41). 

3. Wash in running water for 15 minutes. 

4. Rinse in distilled water. 

5. Working Giemsa solution overnight. 

6. Differentiate in working rosin alcohol solution until sections assume a purplish 
pink color. Check under microscope. 

"Stain must be National Aniline Certified Giemsa. 
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Chapter 9 

Methods For Fats And Lipids 



SCHULTZ S METHOD FOR CHOLESTEROL 

FIXATION. 10% buffered neutral formalin 
TECHNIQUE. Frozen sections. 



SOLUTIONS 



2.5% FERRIC AMMONIUM SULFATE SOLUTION 

Ferric ammonium sulfate 

Distilled water 2 5 S m 

100.0 ml 

GLACIAL ACETIC-SULFURIC ACID SOLUTION 

Glacial acetic acid 

Sulfuric acid, concentrated 50 0 ml 

STAINING PROCEDURE 

1. Cut frozen sections and collect in distilled water 

2. Feme ammonium sulfate solution at room temperature for 3 days 

3. Rmse bnefly m distilled water, three changes. * 

until * t wet^tr ^ SMeS ^ ^ ^ ^ "** 

the section.^ *°* * ™^ ^-sulfuric acid solution on 

6. Apply coverslip immediately. 

7. Examine microscopically within a few minutes. 
RESULTS 

Cholesterol . gree n, blue-green, or blue reaction. 
Background -colorless 

OIL RED O IN PROPYLENE GLYCOL METHOD FOR FATS 

FIXATION. 10% buffered neutral formalin 
TECHNIQUE. Frozen sections. 
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Chapter 10 

Methods For Carbohydrates And 
Mucoproteins 

BENNHOLDS METHOD FOR AMYLOID (CONGO RED) 

FIXATION. 10% buffered neutral formalin. 

TECHNIQUE. Cut paraffin sections at 6 microns (see Remarks). 



SOLUTIONS 

1% CONGO RED SOLUTION 

Congo red 1 .0 gm 

Distilled water 100.0 ml 

1% SODIUM HYDROXIDE SOLUTION 

Sodium hydroxide 1.0 gm 

Distilled water 100.0 ml 

ALKALINE ALCOHOL SOLUTION 

Sodium hydroxide, 1% 1.0 ml 

Alcohol, 50% 100.0 ml 



MAYER'S HEMATOXYLIN SOLUTION 

(See page 33) 

STAINING PROCEDURE. Use control slide. 

1 . Deparaffinize and hydrate to distilled water. 

2. Congo red solution for 1 hour. 

3. Rinse off excess stain in water, two or three changes. 

4. Differentiate in alkaline alcohol solution for 3-5 seconds. Agitate constantly 
until the background appears clear. 

5. Wash in running water for 5 minutes. 

6. Counterstain in Mayers hematoxylin solution for 5 minutes. 

7. Wash in running water for 15 minutes. 

8. Dehydrate in 95% alcohol, absolute alcohol, and clear in xylene, two changes 

each. 

9. Mount with Permount or Histoclad. 
RESULTS 



Amyloid 
Nuclei 



-pink to red 
-blue 
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Chapter 77 

Methods For Pigments And Minerals 



HALL S METHOD FOR BILIRUBIN 

FIXATION. 10% buffered neutral formalin. 
TECHNIQUE. Cut paraffin sections at 6 microns. 

SOLUTIONS 



FOUCHET'S REAGENT 

Trichloroacetic acid 25.0 gm 

Distilled water 100.0 ml 

Mix and add: 

10% Ferric chloride 10.0 ml 

10% FERRIC CHLORIDE SOLUTION 

Ferric chloride lO.Ogm 

Distilled water 100.0 ml 



VAN GIESON'S SOLUTION 

(See page 76) 

STAINING PROCEDURE 

1. Deparaffinize and hydrate to distilled water. 

2. Fouchet's reagent for 5 minutes. 

3. Wash in running water, then in distilled water. 

4. Van Giesons solution for 5 minutes. 

5. Dehydrate in 95% alcohol, absolute alcohol, and clear in xylene, two changes 
each. 

6. Mount with Permount or Histoclad. 

RESULTS 

Biliverdin - green 
Collagen - red 

Muscle - yellow 

REMARKS. Bilirubin is oxidized to biliverdin, and stains olive drab green to emerald 
green, depending upon the concentration of bilirubin. 

REFERENCE. Hall, M. J.: Amer. J. Clin. Path.M: 313-316, 1960. Copyright by 
Williams and Wilkins Co. 
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Chapter 12 

Methods For Nerve Cells And Fibers 



RAMON Y CAJAL'S METHOD FOR ASTROCYTES 

FIXATION. Formalin ammonium bromide for 1 day at 37 °C or 10% buffered neu- 
tral formalin (see Note). 

TECHNIQUE. Cut frozen sections at 15 to 30 microns. 

SOLUTIONS 

FORMALIN AMMONIUM BROMIDE SOLUTION 

Formalin, 37 - 40% (Merck's blue label) 

Ammonium bromide 

Double distilled water 

BROWN GOLD CHLORIDE SOLUTION (STOCK) 



Brown gold chloride solution (stock) 1.0 gm 

Mercuric chloride solution (stock) 100.0 ml 

Solution will keep in a dark bottle for many months. 

MERCURIC CHLORIDE SOLUTION (STOCK) 

Mercuric chloride 0.5 gm 

Double distilled water 10.0 ml 

Make just before use. Dissolve bichloride of mercury by gentle heat. 

GOLD SUBLIMATE SOLUTION (WORKING) 

Brown gold chloride solution (stock) 10.0 ml 

Mercuric chloride solution (stock) 10.0 ml 



Mix while mercuric chloride is still warm and add 40 ml double distilled water. 
A precipitate will form if mercuric chloride solution was not warm enough when mixed. 
In this case, begin again with the preparation of gold sublimate solution. 

5% SODIUM THIOSULFATE (HYPO) SOLUTION 

(See page 89) 

STAINING PROCEDURE. Use acid clean glassware. Carry frozen sections on glass rod. 

1. Rinse in distilled water, two changes. 

2. Place sections flat in freshly prepared gold chloride-sublimate solution for 
4 to 6 hours in the dark at room temperature. 

3. Rinse in distilled water 5 minutes. 

4. Sodium thiosulfate solution for 5 minutes. 

189 



15.0 ml 
2.0 gm 
85.0 ml 



Chapter 13 

Methods For Bacteria, Fungi, 
And Indusion Bodies 



FITE'S METHOD FOR ACID FAST ORGANISMS 

FIXATION. 10% buffered neutral formalin. 
TECHNIQUE. Cut paraffin sections at 6 microns. 

SOLUTIONS 

XYLENE -PEANUT OIL SOLUTION 

Peanut oil* 1 P art 

Xylene 2 P arts 

ZIEHL - NEELSEN CARBOL FUCHSIN SOLUTION 

(See page 220) 

I 1% SULFURIC ACID SOLUTION 

(See page 102) 

METHYLENE BLUE SOLUTIONS 

(See page 218) 

STAINING PROCEDURE. Use control slide. 

1. Deparaffinize through two changes of xylene-peanut oil solution for 12 minutes 

each. 

2. Drain, wipe off excess oil and blot to opacity. The residual oil helps prevent 
shrinkage and injury of section. 

3. Zeihl-Neelsen carbol fuchsin solution for 30 minutes. 

4. Wash in tap water for 3 minutes. 

5. Differentiate slides individually with sulfuric acid solution until sections are 
faint pink, about 1 minute. 

6. Wash in running water for 3 minutes. 

7. Counterstain lightly with working methylene blue solution. 

8. Rinse off excess methylene blue in tap water. 

9. Blot and let stand for a few minutes to air dry thoroughly. 

10. Dip slides in xylene before mounting. 

11. Mount with Permount or Histoclad. 



•Matheson, Coleman and Bell, Norwood, Ohio 
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A 

Acid-fast organisms (see Bacteria) 
Actinomyces, stain for, 222 
Adhesives, section 

albumin, dryed, 28 

albumin, egg, Mayer s, 28 

celloidin, 29 

gelatin, 28 

gelatin-formalin, 29 
Adrenal gland, stain for, 107 
Alcoholic hyalin, stain for, 160 
Amoeba, stain for, 228 
Amyloid, stains for 

Bennhold's (congo red), 153 

Highman s (methyl violet), 156 

Lieb's (crystal violet), 154 

Sweat-Puchtler (sinus red), 154 

Vassar-Culling (thioflavine T), 157 
Angle jig, 25 

Argentaffin granules, stains for 

diazo method, 100 

Fontana-Masson, 104 

Schmorl's, 185 
Artifacts, 241 -251 
Astrocytes, stain for, 189 
Attwood's Amniotic Fluid 

embolism stain, 232 
Axis cylinders, stain for, 193 
Ayoub-Shklar Keratin and Prekeratin stain, 82 

B 

Bacteria, stains for 
Acid-fast organisms 
Fite's,217 
Kinyoun's, 218 
Truant's, 219 
Wade's, 220 
Ziehl-Neelsen, 220 
Gram positive-Gram negative 
Brown-Brenn, 222 
Brown-Hopps, 224 
MacCallum-Goodpasture, 225 
Taylor's, 226 
Baker's Phospholipids stain, 147 
Basement membranes, stain for 
Jones', 97 
Lillie's, 72 
Puchtler-Sweat, 73 
Basophilic properties, restoration of, 44, 45 
Bennhold's Amyloid stain, 153 
Berg's Spermatozoa stain, 117 
Best's Glycogen stain, 157 
Bielschowsky's Axis Cylinder and 
Dendrite stain, 193 



Bile 

canaliculi stain, 74 

pigment (bilirubin) stain, 174 
Bilirubin (bile), stain for, 174 
Biopsy processing, 18 
Bodian's Nerve Fiber stain, 195 
Bone 

cortical, hand ground sections, 58 

decalcification, 6-11 

marrow processing, 18 

marrow stain, 120 

oral tissue processing, 60 
jaw, 61 
teeth, 60 

large sections, processing, 59 

temporal processing, 47 

undecalcified, 57 
Bohmer s hematoxylin, 34 
Bosch's Negri Bodies stain, 207 
Bouin's fixative, 5 
Brown-Brenn Gram stain, 222 
Brown-Hopps Gram stain, 224 
Bullard's hematoxylin, 34 

C 

Cain's Mitochondria stain, 129 
Calcium, stains for 

Carr's, 174 

Dahl's, 175 

Kossa's, 176 

Pizzolato s, 177 
Carbowax (see Polyethylene glycols) 

Carnoy's fixative, 5 
Carr's Calcium stain, 174 
Casper-Wolman Fluorescent Myelin 

figure stain, 202 
Castolite plastic solution, 57 
Celloidin methods 

dry, 62 

wet, 63 

double embedding, 18 
Ceroid, stain for, 186 
Charcott Leyden crystals, stain for, 111 
Chelates decalcification agents, 9 
Chromaffin, stain for, 107 
Chitin, softening procedure, 11 
Cholesterol, stain for, 140 
Clarke's fixative, 5 
Collagen, stains for 

Gomori's, 93 

Mallory's, 75 

Masson's, 94 

Movat's, 95 

Van Gieson's, 76 

Weigert's, 80 
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Connective tissue, stains for 

Gomori's aldehyde fuchsin, 78 

Harts (elastic fibers), 79 

Heidenhain's aniline blue, 86 

Lillie's allochrome, 72 

Mallorys (PTAH), 85 
collagen, 75 

Masson s trichrome, 94 

Movat's pentachrome, 95 

Pinkus acid orcein-giemsa, 77 

Puchtler-Sweat (basement membranes), 73 

Van Gieson's (collagen fibers), 76 

Weigerts (elastic fibers), 80 
Copper, stains for 

Perls', 184 

Uzman's, 178 
Cortical bone, ground sections of, 58 
Coverslips,, removal of, 45, 46 
Cryptococcus , stain f or , 1 6 1 
Cutting sections 

celloidin, 64 

frozen, 29, 40 

paraffin, 13 

plastic, 66 
Cytological buttons, processing of, 18 

D 

Dahl's Calcium stain, 175 
Dane's Prekeratin, Keratin and 

Mucin stain, 83 
Decalcification methods 

chelating agents, 9 

commercial, 8 

electrolytic, 9 

end point, 10 

formic acid-sodium citrate, 8 
nitric acid, 7, 8 
versenate, 9 
Decalcification, techniques for 
eye, 8 

large bones, 59 
teeth, 60 

temporal bones, 47 
Defano's Golgi Apparatus stain, 101 
DeGalantha's Urate Crystal stain, 187 
Dehydrating tissue, 12 
Delafield's hematoxylin, 34 
Diazo's Argentaffin Granule stain, 100 ' 
Digestion procedures 

deoxyribonuclease, 135 

diastase, 171 

hyaluronidase, 171 

ribonuclease, 136 

sialidase, 172 
DNA Digestion, procedure for, 135 
Donovan Bodies, stain for, 238 
Double embedding, 18, 63 

E 

Ehrlich's hematoxylin, 35 
Einarson's Nissl Substance stain, 212 



Elacin, stain for, 79 
Elastic fiber, stains for 

Gomori's aldehyde fuchsin, 78 

Harts, 79 

Pinkus' acid orcein-giemsa, 77 

Weigerts, 80 
Electrolytic decalcification, 9 
Embedding methods 

carbowax, 19 

celloidin, 64 

double, 18, 63 

gelatin, 30 

general comments, 1 5 

multiple, 13 

paraffin, 13, 14 

plastic, 57 
Embolism, amniotic fluid stain, 232 
Endamoeba Histolytica, stain for, 228 
Eosin, 35,36,39 

Eosinophilic granules, stain for, 111 

Erythrocytes, stain for, 111 

Eye 

decalcification, 8, 53 
fixation, 53 
processing, 53 
sectioning, 54 
staining retinal vessels, 56 
trypsin digestion, 54 

F 

Fats and Lipids, stains for 
Fischlers (fatty acids), 142 
Gaucher's, 145 
Landings, 145 

Mukherji s (unsaturated), 149 
Niemann-Pick, 145 
oil red 0, 140 

osmium tetroxide (frozen sections), 143 
(paraffin sections), 143 

sudan black B, 145 

phospholipids (see Phospholipids) 

Seligman-Ashbel (active carbonyl lipids), 150 

Tay-Sachs, 145 
Fibrin, stains for 

Fraser-Lendrum, 81 

Mallorys (PTAH), 85 
Fibrinoid, stain for, 95 
Fischlers Fatty Acid Stain, 142 
Fite's Acid Fast Organism stain, 217 
Fixation, tissue, 1-6 
Fixatives 

alcohol, 2 

Bouin's, 5 

Carnoy s, 5 

Clarke's, 5 

formalin (10%), 1 

formalin-alcohol-acetic acid, 4 

formalin-ammonium bromide, 4 

formalin, buffered neutral, 3 

formalin-saline, 3 

formalin-sodium acetate, 3 

formol-calcium, 4 
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glacial acetic acid, 2 
glutaraldehyde, 6 
Helly's, 4 

mercuric chloride, 2 
Newcomer s, 5 
Orth 's, 6 

paraformaldehyde, 6 
picric acid, 3 
potassium dichromate, 3 
Zenker's, 4 

Zenker s-Formalin (Helly's), 4 
Fixatives, characteristics of 
alcohol, 2 
formaldehyde, 1 
glacial acetic acid, 2 
mercuric chloride, 2 
picric acid, 3 
potassium dichromate, 3 

Formaldehyde gas, 1 
Fontana-Masson Silver stain for 

argentaffin granules, 104 

melanin, 104 
Formalin 

alcohol-acetic acid, 4 

ammonium bromide, 4 

buffered neutral, 3 

calcium, 4 

pigment, 43 

saline, 3 

sodium acetate, 3 

Zenker's, 4 
Formol-calcium, 4 
Fraser-Lendrum Fibrin stain, 81 
Frozen section techniques 

gelatin embedding, 30 

rush method, 40 
Fungi, stains for 

Brown-Brenn, 222 

Fite's,217 

Gridleys, 229 

Grocott's (GMS), 230 

Mayer 's Mucicarmine, 161 

McManus' (PAS), 158 

Pickett's (fluorescence), 232 

G 

Gaucher Lipid stain, 145 
Gelatin solutions, 31 
Giemsa stains 

AFIP method, 235 

May-Grunwald, 121 

Price 's, 127 

Wolbach's, 119 
Glacial acetic acid, 2 
Glenner-Lillie Pituitary stain, 108 
Glial fibers (see Nerve cells) 
Glutaraldehyde fixative, 6 
Glycerin jelly (see chapter 9), 141 
Glycogen digestion, procedure for, 171 
Glycogen, stains for 

Best's carmine, 157 

McManus' (PAS), 158 



Golgi apparatus, stain for, 101 
Gomori's stains for 

chromaffin, 107 

elastic fibers, 78 

iron, 179 

islet cells, pancreatic, 106 

reticulum, 87 

trichrome, 93 
Gridleys stain for 

endamoeba histolytica, 228 

fungi, 229 
Grocott s Fungi stain (GMS), 230 
Guard's Sex Chromatin stain, 136 
Guillery's Degenerating Nerve 

fiber stain, 190 
Gwyn-Heardman Motor End Plate stain, 213 

H 

Hall's Bilirubin (bile) stain, 174 

Harris' hematoxylin, 34 

Hart's Elastic Fiber stain, 79 

Heath's Pituitary stain, 109 

Heidenhain's Connective Tissue stain, 86 

Helly 's fixative, 4, 5 

Hematoxylins 

Bohmer's, 34 

Bullard's, 34 

Delafield's,34 

Ehrlichias, 51 

Harris', 34 

Mayer's, 33, 36 

Weigert's, 35 
Hematoxylin and Eosin procedures 

Harris' method, 38 

for "Rush" frozen sections, 40 

Mayer's method, 36 

with phloxine-safran, 39 
Hemofuchsin, stain for, 122 
Hemoglobin, stains for 

Lison's, 123 

Puchtler, 124 

Puchtler-Sweat, 126 

Ralphs, 125 
Hemosiderin, stain for, 178 
Highman's Amyloid stain, 156 
Hirano-Zimmerman Nerve fiber stain, 198 
Holmes' Nerve Fiber stain, 196 
Holzer's Glial Fiber stain, 200 
Hukill-Putt Iron stain, 180 
Hyaluronic acid digestion, 
procedure for, 171 

I 

Impregnating tissue, 13 
Inclusion bodies, stains for 

Attwood's, 232 

Lendrum's 234 

Page-Green, 234 
Iodine solutions 

Gram's, 41 

Lugol's, 42 
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Iron, stains for 
Gomoris, 179 
Hukill-Putt, 180 

Johnson s (microincineration), 181 
Lillie's (ferric and ferrous iron), 182 
Mallory 's, 183 
Perls', 184 

J 

Jaw bone, processing of, 61 
Johnson s stains for 
iron, 181 

metachromasia, 162 
Jones' Kidney stain, 97 
Juxtaglomerular granules, stain for, 102 

K 

Keratin and prekeratin, stains for 

Ayoub-Shklar, 82 

Dane's, 83 
Keratin softening, procedures for, 11 
Kidney, stain for, 97 
Kinyoun s Acid Fast Bacteria stain, 218 
Klinger-Ludwig Sex Chromatin stain, 138 
Kluver-Barrera Myelin stain, 203 
Kossa's Calcium stain, 176 

L 

Labeling slides for permanent filing, 46 
Landings Lipid stain, 145 
Lapham's Myelin stain, 204 
Laqueur's Alcoholic Hyalin stain, 160 
Lepra Bacilli, stain for, 217 
Lendrum's Inclusion Bodies stain, 234 
Levaditi-Manovelian Spirochete stain, 238 
Lieb s Amyloid stain, 154 
Lillie's stain for 

connective tissue, 72 

ferric and ferrous iron, 182 

nucleic acids, 131 
Lipofuscin, stains for 

AFIP method, 186 
oil redO method, 186 
Lison's Hemoglobin stain, 123 
Luna's stains for 

charcott leyden crystals, 111 

eosinophilic granules, 111 

erythrocytes, 111 

mast cells, 114 
Luna-Ishak Bile Canaliculi stain, 74 

M 

MacCallum-Goodpasture Gram stain, 225 
McManus' Glycogen stain, 158 
Malarial Parasites, stains for 

Price's, 127 

Thomas', 129 
Malaria pigments, removal of, 43 
Maldonado's Pancreatic Islet Cell stain, 105 
Mallory bodies, stain for, 160 



Mallorys stain, for 
CNS tissue (PTAH), 199 
collagen, 75 
hemofuchsin, 122 

phosphotungstic acid hematoxylin (PTAH), 85 
Manuel's Reticulum stain, 89 
Massiganani-Malferrari Negri Bodies stain, 208 
Masson's Trichrome Connective Tissue stain, 94 
Mast Cells, stains for 
Luna's, 114 
Unna's, 115 
Toren's, 116 
Maximow's Bone Marrow stain, 120 
May-Grunwald Giemsa stain, 121 
Mayer's stains 
hematoxylin, 33 
for cryptococcus, 161 
for mucin, 161 
Melanin pigment 
removal, 42 
stains for, 104, 185 
Menschik's Phospholipid stain, 152 
Menzies' stains for 
muscle striation, 84 
nucleic acids, 132 
Mercury precipitates, removal of, 41 
Metachromasia, stain for, 162 
Microincineration, procedure for, 181 
Microtome knives, care and use of, 21-25 
Mitochondria, stain for, 129 
Monroe-Frommer Pituitary stain, 112 
Motor end plates, stain for, 213 
Mounting media 
Apathy's, 156 
fluormount, 170 
glycerin jelly, 141 
XAM,232 
Movat's Pentachrome stain, 95 
Mowry's Colloidal Iron stain, 167 
Mucin, stains for 
alcian blue, 163 
Dane's, 83 
Mayer's, 161 
McManus'(PAS),158 
Mucosaccharides, stains for 
alcian blue, 163,164 
aldehyde fuchsin, 165 
aldehyde fuchsin-alcian blue, 165 
colloidal iron modification, 167 
Dane's, 83 

diastase digestion method, 171 
hyaluronidase digestion method, 171 
miscellaneous polysaccharides, 172 
PAS-alcian blue, 168 
Saunders, 169 

sialidase digestion method, 172 
Mukherji's Unsaturated Lipid stain, 149 
Multiple sections 

removal of, 68 

staining of, 69 
Muscle striation, stains for 

Mallory 's (PTAH), 85 

Menzies' (cardiac), 84 
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Myelin, stains for 

Kluver-Barrera, 203 

Lapham s, 204 

Woelckes,206 
Myelin figures, stain for, 202 

N 

Nauta-Gygax Axon Terminal stain, 191 
Negri bodies, stains for 
Bosch's, 207 

Massiganani-Malferrari, 208 

Schleifstein's, 209 
Nerve cells and fibers, stains for 

astrocytes, 189 

axon terminals, 191 

axis cylinders and dendrites, 193 

central nervous system tissue 
aldehyde-thionin-PAS, 210 
PTAH, 199 

degenerating nerve fibers, 191 

glial fibers, 200, 204 

microglia, 201 

motor end plates, 213 

negri bodies, 207, 208, 209 

nerve cells, 196,198,203 
cell products, 212 
fibers, 195, 196, 198 

neural tissues, 215 

nissl substance, 212 

oligodendroglia, 201 
Newcomer's fixative, 5 
Niemann-Pick Lipid stain, 145 
Nissl substance, stain for, 212 
Nocardia filaments, stains for 

Brown-Brenn, 222 

Fite's,217 

Grocott's(GMS),230 
Nucleic acids, stains for 
Lillie's, 131 
Menzies', 132 
Spicer's, 133 
Taft's, 134 

O 

Oral tissue, processing of, 60 
Organs, large processing of, 59 
Orth's fixative, 6 
Osteoid material, stain for, 86 

P 

Page-Green Inclusion Bodies stain, 234 
Paget's cells, stain for, 165 
Pancreatic islet cells, stains for 

Glenner-Lillie, 108 

Gomori's, 106 

Heaths, 109 

Maldonado's, 105 

Monroe-Frommer, 112 

Wilson-Ezrin, 113 
Papanicolaou's stain, 70 
Paraformaldehyde, 6 



Pearse's Phospholipid stain, 148 

Penfield's Oligodendroglia-Microglia stain, 201 

Perenyi's Decalcification method, 7 

Perls' Iron stain, 184 

Phloxine, 36 

Phloxine-safran, 39 

Phospholipids, stains for 

Baker's, 147 

Menschik's, 152 

Pearse's, 148 

pyridine extraction test, 148 
Pickett's Fluorescence Fungi stain, 232 
Pigment, removal of 

formalin, 43 

malaria, 43 

melanin, 42 

mercury, 41 
Pinkerton's Rickettsia stain, 237 
Pink us' Acid Orcein-Giemsa stain, 77 
Pituitary cells, stains for 

Glenner-Lillie, 108 

Heath's, 109 

Mallory s, 75 

Monroe-Frommer, 112 

Wilson-Ezrin, 113 
Pizzolato's Calcium Oxalate stain, 177 
Plastic methods 

castolite, 57 

liquid film, 67 

35 mm film, 65 

multiple sections, removal of, 68 

repairing slides, 68 
Polychromatic stains 

May-Grunwald Giemsa, 121 

Prices Giemsa, 127 

Siegel's, 131 

Wolbach's Giemsa, 119 
Polyethylene glycols (carbowax), 19 
Price s Giemsa stain, 127 
Processing 

biopsies, 18 

bone marrow, 18 

brain tissue (table), 16 

CNS tissue, 16 

cytological buttons, 18 

eye, 8,53 

jaw bones, 61 

large bones, 59 

soft tissue, 61 

teeth, 60 

temporal bones, 47 

whole organs, 59 
Puchtler-Sweat stains for 

basement membrane, 73 

hemoglobin, 126 

hemosiderin, 126 
Pyridine extraction test, 148 

R 

Ralph's Hemoglobin stain, 125 
Ramon Y Cajal's Astrocyte stain, 189 
Reducing substances, stain for, 185 
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Reprocessing blocks, 15 
Resealing blocks, 28 
Reticulum, stain for 

Gomori's (CNS Tissue), 87 

Manuel's, 89 

Snook's, 90 

Wilder's, 92 
Retinal vessels, demonstration of 

staining (PAS), 56 

trypsin digestion, 54 
Rickettsia, stains for 

giemsa,235 

Pinkerton 's, 237 
RNA digestion, procedure for, 136 

S 

Saunders Mucosaccharide stain, 169 
Schleifstein's Negri Bodies stain, 209 
Schmorl's (reducing substance) stain, 185 
Schultz's Cholesterol stain, 140 
Section adhesives (see Adhesives) 
Sectioning hints, 25 - 28 
Seligman-Ashbel Carbonyl stain, 150 
Sevier-Munger Neural Tissue stain, 215 
Sex chromatin, stains for 

Guard's, 136 

Klinger-Ludwig, 138 
Sialic acid digestion, procedure for, 172 
Siegel's Polychromatic stain, 131 
Slides, repairing of, 68 
Smith's Juxtaglomerular Granule stain, 102 
Snook's Reticulum stain, 90 
Soft tissue, processing of, 61 
Spermatozoa, stain for, 117 
Spicer's Nucleic Acid stain, 133 
Spirochetes, stains for 

Levaditi-Manovelian, 238 

Warthin-Starry, 238 
Staining, methods for 

cellodin, 65 

multiple, 69 
Sweat-Puchtler Amyloid stain, 154 

T 

Taft's Nucleic Acid stain, 134 
Taylor 's Bacteria stain, 226 



Tay-Sachs Cells, 145 
Temporal bone, processing of, 47 
Thomas' Malarial Parasite stain, 129 
Tissue processing schedules, 17 
Toren's Mast cell stain, 116 
Truant's Fluorescent Acid Fast stain, 219 
Trypsin digestion for retinal vessels, 54 
Tubercle bacilli (see Bacteria) 

U 

Undecalcified tissue, sectioning of 

bone, 57 

teeth, 57 
Unna's Mast cell stain, 115 
Urate crystals, stain for, 187 
Uzman's Copper stain, 178 



V 

Van Gieson's Collagen Fiber stain, 76 
Vassar-Culling Amyloid stain, 157 
Versenate decalcification method, 9 
Vogt's Nerve Cell products stain, 212 

W 

Wade's Acid Fast stain, 220 
Warthin-Starry stains for 

Donovan bodies, 238 

spirochetes, 238 
Weigert's stain 

for elastic fibers, 80 

hematoxylin, 35 
Wilder's Reticulum stain, 92 
Wilson-Ezrin Pituitary stain, 113 
Woelcke's Myelin Sheath stain, 206 
Wolbach's Giemsa stain for 

bacteria, 119 

rickettsia, 119 

Z 

Zenker's fixative, 4 
Zenker-formalin (Helly's) fixative, 4 
Ziehl-Neelsen Acid Fast stain, 220 
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INTRODUCTION 

Advances in cytological hybridization technology have, over the last 20 
years, progressed from a laborious and time-consuming approach to detect 
abundant nucleic acid sequences with low resolution, to an approach which 
allows quick and highly precise localization of as little as one molecule per 
cell. Using this technique, it is now possible to detect just a few kilobases 
of deleted or misplaced DNA anywhere within the genome. These improve- 
ments have important implications for human gene mapping as well as for 
investigations into the occurrence, causes, and consequences of chromosomal 
aberrations. In addition, while allowing for the determination of linear ar- 
rangements of genes on chromosomes, high-resolution in situ hybridization 
also makes possible detailed analysis of their three-dimensional organization 
and expression within the nucleus. In this chapter we will briefly review the 
development of this technology and highlight efforts from our laboratory as 
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well as others in this area. Various applications to chromosomal aberrations 
will be considered, with emphasis on cancer cytogenetics. Gene mapping 
techniques will be presented only briefly since this subject has been recently 
reviewed (Lawrence, 1990; McNeil et ah, 1991; Lichter et aL, 1991). 
Finally, recent developments in applications of fluorescence hybridization to 
interphase nuclear organization will be considered and discussed in relation- 
ship to the generation of specific chromosomal rearrangements. 

Technical Development of In Situ Hybridization Technology 

Early efforts in this field relied on autoradiographic detection of radio- 
active probes to detect abundant sequences, such as localization of DNA 
sequences in amplified polytene chromosomes or highly reiterated sequences 
on metaphase chromosomes (Gall and Pardue, 1969; Evans et aL, 1974). 
Since then, statistical localization of single copy sequences based on auto- 
radiographic grain distributions was described (Harper et aL, 1981; Gerhard 
et aL, 1981) and is still widely applied. However, the resolution of autora- 
diography is limited to large chromosomal segments, and the technique is 
extremely time consuming, generally requiring weeks for sufficient autora- 
diographic exposures. Moreover, this approach does not allow localization 
of a single sequence within a single cell, but requires analysis of grain 
distributions from 50 to 100 cells. Autoradiography does offer the advantage 
that cDNA sequences less than 1 kb can be used routinely for statistical 
localization; however, genomic clones containing repetitive sequences have 
not been used, presumably because of prohibitively high backgrounds. 

Several laboratories have contributed to the development of innovative 
nonisotopic detection techniques to avoid the shortcomings inherent in au- 
toradiographic methodologies (reviewed in Bauman et aL, 1990; Lawrence, 
et aL, 1990; Narayanswami and Hamkalo, 1991; Lichter et aL, 1991; McNeil 
et aL, 1991). During the 1980s, several approaches were described, including 
a method for direct labeling of fluorochromes to RNA probes (Bauman et 
aL, 1981); the incorporation of biotinylated dUTP into DNA probes (Langer 
et aL, 1981; Manning et aL, 1975) detected by antibiotin antibodies after 
hybridization to amplified polytene sequences (Langer-Safer et aL, 1982); 
the use of probes labeled with AAP (AT-acetoxy-iV-acetyl-2-aminofluorene) 
for detection of abundant sequences (Tchen et aL, 1984); mercuration of 
probes (Dale et aL, 1975; Hopman et aL, 1986); and sulfonation (Verdlov 
et aL, 1974) or direct attachment of enzymes (Renz and Kurz, 1984). 
Recendy a system using digoxigenin-labeled nucleotides detected by anti- 
bodies carrying fluorescent or enzymatic tags has become popular (Boehrin- 
ger Mannheim). Using improvements in the hybridization process (see be- 
low), most of these detectors are now known to be capable of detecting 
single-copy sequences, in some cases as small as 1 kb. Most recently, directly 
labeled nucleotides have become available (Boehringer Mannheim). Prelim- 
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inary data indicate that these are clearly effective for detecting centromere 
sequences (Gerdes and Lawrence, unpublished work); however, single-copy 
sensitivity has not yet been shown (although it most likely will be in the near 
future). 

Labeled probes have most commonly been detected by fluorescent or 
enzymatic reporter molecules which recognize a modified probe. The enzy- 
matic detection methods, such as horseradish peroxidase and alkaline phos- 
phatase, require extra steps to produce a visible product; however, they have 
advantages over fluoresence in that the reaction can be prolonged in order 
to amplify signals, and the signals do not fade. Fluorescent tags, such as 
fluorescein or rhodamine, provide the highest resolution possible with the 
light microscope and can be adapted for multicolor labeling. Probes can also 
be detected with gold for electron microscopy (see Singer et aL, 1989; 
reviewed in Narayanswami and Hamkalo, 1991). 

Nonisotopic methods have been utilized for over a decade. However, 
due to apparent limitations in sensitivity and reproducibility their use was 
very restricted, but was successful in detecting highly abundant or amplified 
sequences (e.g., Wu and Davidson, 1981; Manuelidis et aL, 1982): It is 
only in the last few years that the much greater potential of in situ probe 
technology has been realized, largely due to improvements in the total 
hybridization process, rather than in the detection systems themselves. Our 
contributions in this area relied on a rapid quantitative approach (Lawrence 
and Singer, 1985; Lawrence et aL, 1988) devised to allow testing of a vast 
array of technical parameters, while controlling for the most commonly 
encountered internal variations. Detection of nucleic acids still within cyto- 
logical materials is substantially more involved than when they are extracted 
and hybridized on filters. For analytical purposes, the steps of in situ hy- 
bridization are best divided into three main components: (1) preservation of 
target sequences in a well-preserved but accessible state, (2) hybridization 
of the probe to the target molecules with high efficiency and without sub- 
stantial nonspecific adherence, and (3) detection of the probe with sufficient 
efficiency to give a detectable signal, with minimal nonspecific background. 
Failure of any one parameter in any of these components results in a lower 
signal-to-noise ratio and a loss of sensitivity. Hence, an analytical approach 
was adopted to allow simultaneous but separate quantitation of each com- 
ponent (Lawrence and Singer, 1985; Singer et aL, 1987; Lawrence et aL, 
1988). 

Our goal for DNA detection was to detect single-copy sequences with 
hybridization efficiency high enough to provide sister chromatid labeling 
and, hence, nonstatistical localization within individual cells. While many 
laboratories had developed different protocols for in situ hybridization, it 
was difficult to know a priori which parameters were unnecessary or even 
destructive, and which were essential for improving results. Using the rapid 
analytical approach by liquid scintillation counting (Lawrence and Singer, 
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1985), we were able to identify several key parameters which improved 
results reproducibly (reviewed in Lawrence, 1990; McNeil et al., 1991). 
Kinetic studies, for instance, revealed that hybridization of even complex 
sequences was complete within 3 to 4 h, and that longer hybridization times 
could cause decreased signal due to RNA degradation. Detection with avidin 
was found to be dramatically improved by simply changing the buffers used 
in staining. An extremely important parameter for eliminating the high back- 
grounds which had plagued the use of nonisotopic probes proved to be probe 
fragment size after labeling, which has unexpectedly been found to dramat- 
ically affect the nonspecific adherence for the probe to cytological material, 
and the iterative detection of individual molecules. When this hidden variable 
was controlled, it was then possible to change another key parameter, probe 
concentration. While (he standard procedures called for low probe concen- 
trations, these actually must be extremely high for single sequences (>5 jig/ 
ml), well above theoretical saturation. Other parameters which significantly 
influenced the quality of results (often by preserving DNA) are storing slides 
at -70°C and "hardening" by baking before denaturation; minimizing pre- 
treatments prior to denaturation; omitting RNase A prior to hybridization; 
testing lots of formamide for neutral pH, correct melting point, and effec- 
tiveness for hybridization; monitoring of time, temperature, and pH during 
denaturation (Lawrence et al., 1988; reviewed in Johnson et al., in press). 
We found that autoclaving dextran sulfate further inhibits nonspecific sticking 
of probes. A variety of other steps were tested and found to be unnecessary, 
such as extensive rinses, proteinase digestion, and acetic anhydride. 



Nonstatistical Sequence Detection 

Combining the results of these analyses with elements of previous pro- 
tocols (Harper et al., 1981; Gerhard et al., 1981; Langer et al., 1981), it 
was shown that it was possible to detect single sequences of a few kilobases 
by standard fluorescence microscopy using a one-step fluorescein-avidin 
detection of biotinated probes, without amplification or image-processing 
procedures (Lawrence et al., 1988). Figure 1A illustrates results, and Figure 
2 outlines the protocol used. Perhaps the most critical aspect of this work 
was that the high hybridization efficiency and low background achieved 
allowed nonstatistical detection of single sequences, in greater than 90% of 
individual metaphase or interphase cells. The position of a sequence along 
the chromosome length became immediately obvious in just one metaphase 
due to the identical labeling of sister chromatids. Because of the extremely 
high signal-to-noise ratio it was possible to localize single sequences within 
interphase nuclei for the first time. 

The power of this technology was initially exemplified for analysis of 
Epstein-Barr virus (EBV) sequences in human lymphoma cells (Lawrence et 
al. , 1988) which revealed the then surprising degree of resolution attainable 
between closely spaced sequences within decondensed interphase nuclei. Not 
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Figure 1. (A) Hybridization to an 18-kb target within the EBV genome, using biotin-labeled probes 
and a one-step fluorescein-avidin detection. Chromosomes are stained with propidium iodide and 
visualized using standard fluorescence microscopy. (B) Hybridization of a chromosome-7 library to a 
tetraploid cell line carrying a translocation involving this chromosome. Two normal chromosomes 7 
and two derivative chromosomes (arrows) are observed. (Photograph contributed by K. Wydner and 
L. Sciorra, Department of Pediatrics, Diagnostic Genetics, University of Medicine and Dentistry of 
New Jersey-Robert Wood Johnson Medical School.) (Q Hybridization of a chromosome- 1 sequence 
to cytogenetic preparations of the Namalwa cell line, illustrating how a cytogenetic abnormality is 
evidenced by the nonidentical labeling of sister homologues. Note that three signals, rather than two, 
are observed within the interphase nucleus. The duplicated sequences are approximately 70 Mb apart 
and are — 5 inn apart at interphase. (D) Simultaneous hybridization to neu (erB2) and nerve growth 
factor receptor cosmid clones which are closely linked and frequently resolvable along the length of 
less-condensed metaphase chromosomes. On more-condensed chromosomes, they may only be resolv- 
able across the chromosome width. These sequences have been localized to separate bands (17q 11.2- 
ql2 and 17q 21.3-q23), respectively and are —10 cM apart (~10 Mb). (E and F) Dystrophin sequences 
separated by —700 kb are clearly separated and resolvable in —90% of interphase nuclei. (Figures 1A, 
C, and D from Lawrence, J. B,, in Genomic Analysis, Vol. 1, Genetic and Physical Mapping, S. 
Tilghman and K. Davies, Eds., Cold Spring Harbor Press, Cold Spring Harbor, N.Y., 1-38. Copyright 
1990. With permission.) 
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FIX: cells, chromosome preps, or extracted nuclei 

i 

DENATURE CELLULAR DNA IN: 
70% formamide, 2XSSC, 70«C, 2mtn, or NaOH treatment 
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dehydrate in 70%, 95%, and 100% ethanol 
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HYBRIDIZATION: 

probes labelled with biotin- or M^^f 
are hybridized in 50% formamide, 2XSSC, 37 C, 3 nr 
(plus unlabelled competitor DNA for genomic probes) 

I 

Rinse away unhybridized probe 

DETECTION- Fluorochrome-linked avidin or anti-digoxygerun 

in 4XSSC, 1%BSA, 37°C, 30min 
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Rinse and view 
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debyde in phosphate-buffered saline (PBS). Q % etbanol for 6 min. Then, 

SSC 70»C for 7 min or m*. -J^J^ Ln^For bL- or digoxigenin-labeled 
dehydrate samples* 70 n 10 0% formamide for 10 min at 75"C. 

probes, melt dry probe and unlabeled competitor una m single-locus 

S Hybridize probes to samples ; at a J^^^^Sc. overnight. (4) 
fi^lf S^^^xV 1 X SSC 30 mm Detect 

SS ekcwhere " McNefl et 

al., 1991; Johnson et al., 1991b). 

rt nlv were two closely integrated viral genomes detected and resolved, which 

to Sic Jdosdy paired ^ for each of the viral genomes 
imi Usiog two differe* approaches, was possrble .o 
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determine the orientation of the two genomes with respect to one another 
and to estimate the distance between them- First, from the observed inter- 
phase order of dim and bright signals and the distance between them, it could 
be surmised that the viral genomes were in reverse orientation and separated 
by 200 to 300 kb of cellular DNA. This was done using simultaneous 
hybridization of two probes of different sizes which produced different 
intensity signals and corresponded to opposite ends of the EBV genome. A 
second approach, whereby each of these two probes was hybridized sepa- 
rately and the average distance between them determined, confirmed this 
interpretation (reviewed in Lawrence, 1990). These results suggested that 
interphase analysis could be used to determine the order and approximate 
distance between tightly linked sequences, leading us to propose an approach 
to gene mapping by fluorescence hybridization termed "interphase chromatin 
mapping" (Lawrence et al., 1988). 

Gene Mapping 

An obvious and important application of the ability to detect single-copy 
genes with fluorescence is to contribute to mapping of the human and other 
genomes. The resolution of fluorescence, as well as the speed and efficiency 
of this approach, is far superior to previous autoradiographic techniques 
which have a limit of resolution on the order of 10 4 or 10 5 kb. While 
autoradiography has had some advantage in sensitivity over fluorescence, we 
currently find that fluorescent signals as small as 1 kb can be detected without 
amplification or image processing, particularly with digoxigenin. Amplifi- 
cation of biotinylated probes (Pinkel et al., 1986) can also be used to detect 
probes of this size (Fan et al., 1990). However, in much genomic mapping 
today the need is not to detect smaller probes, but larger ones. Hence, it was 
very important to show that genomic probes containing repetitive elements 
could be used. This was initially reported using competition with Cot-1 DNA 
for detection with peroxidase and interference reflection microscopy (Lan- 
degent et al., 1987). Several laboratories then showed that a similar approach 
worked for fluorescence detection of single-copy phage, cosmid, or Yac 
clones (Staunton et al., 1989; Trask et al., 1989; Lawrence et al., 1990; 
Lichteretal., 1990). 

For genome mapping, there is a need for alternative physical mapping 
techniques which provide resolution in the range of 1 to 2 Mb and below, 
and which allow evaluation of physical distance across a broad range, to 
help bridge the gap between lower- and higher-resolution techniques. Over 
the last few years, work from several laboratories (Lawrence et al., 1988, 
1990; Trask et al., 1989, 1991; Lichter et al., 1990) has shown that fluores- 
cence hybridization can provide such an approach. Rigorous characterization 
of the limits and versatility of this technique showed that the ability to resolve 
. and order sequences on chromosomes generally does not extend below 1 to 
2 Mb (Lawrence et al. , 1990) (see Figure ID). However, an important finding 
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was that resolution could be greatly enhanced by analyzing the distance 
between two sequences in die interphase nucleus, where the chromatin is 
much less condensed (Lawrence et al„ 1988, 1990; Trask et ai, 1989, 1991). 
As described above, this was initially based on the demonstration that one 
could detect two sequences within an EBV genome separated by 130 kb 
(Lawrence et aL, 1988). Interphase distance was then shown to exhibit a 
strong correlation with DNA distance over the ranges examined, for both 
dhfr sequences in Chinese hamster (Trask et ah, 1989) and for human 
dystrophin sequences in normal human cells (Lawrence et al., 1990), pro- 
viding a needed approach for determining physical order. As illustrated in 
Figure 1 E and F, sequences within the dystrophin gene separated by 50 kb 
or more are readily resolved at interphase. Figure 3 schematically illustrates 
the type of results obtained by analyzing both interphase and metaphase cells, 
and the legend indicates the distances over which each approach is most 
successful for gene ordering. 

Another major effort from several groups has involved the adaption of 
fluorescence hybridization with chromosome banding techniques (Figure 4), 
some of which allow probes and chromosomes to be identified simultaneously 
(Viegas-Pequignot et al., 1989; Lawrence et al., 1990; Fan et al., 1990; 
reviewed in McNeil et al., 1991). The details of various banding procedures 
as well as the strengths and limitations of both metaphase and interphase 
mapping have been extensively reviewed recently (Lawrence, 1990; Lichter 
et al., 1991; McNeil et al., 1991)- Included in these is a discussion of dual 
or multicolor labeling techniques, and Figure 2 outlines our protocol for two- 
color detection, as detailed previously (Johnson et al., 1991a). 

APPLICATIONS FOR ANALYSIS OF CYTOGENETIC 
ABERRATIONS 

It is only recently that methodology for applying nonisotopic cytological 
hybridization for the analysis of cytogenetic aberrations has begun to realize 
its full potential. The speed, convenience, and precision of nonisotopic probe- 
labeling techniques make this technology applicable for diagnostic as well 
as research purposes. With the increased quality and reproducibility of results 
that can now be achieved, a new area of "molecular cytogenetics" has 
emerged, whereby standard kaiyotypic analysis is directly coupled with 
molecular biology. Until recently, the field of cytogenetics has been limited 
to the analysis of relatively gross chromosomal aberrations based on banding 
patterns. Standard kaiyotypic analysis, while allowing a survey of the com- 
plete chromosome complement, can only discern deviations in whole chro- 
mosomes or chromosome segments containing approximately 10 Mb or more 
of DNA . It is now possible to detect specific genetic defects 1000- to 10,000- 
fold smaller cytologically, and eventually it may become possible to detect 
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A. Loosely linked 




B. Tightly linked 



(50 kb-1000 kb) 




C. Translocation 




Figure 3. Hypothetical outcomes after hybridization of one or two single-copy probes to inter- 
phase and metaphase cells. (A) Loosely linked sequences wilt be resolvable along the chro- 
mosomes length and show only a distant pairing within interphase nuclei. (B) When sequences 
from the same chromosomal region become closer, they will no longer be resolvable at metaphase 
but will still be clearly visualized as closely paired signals within decondensed interphase nuclei. 
(C) Hybridization patterns for normal (left) and translocated (right) metaphase and interphase 
cells. Solid and open circles represent signals from two pairs of different chromosomes. In 
normal cells the interphase nucleus shows a widely dispersed variable distribution of four 
hybridization signals. In contrast, in cells carrying the translocation, the fusion of two different 
chromosomes consistently gives a pair of close solid and open signals in both interphase and 
metaphase nuclei. (D) In the case of trisomy, three chromosomes showing sistier chromatid 
labeling will be seen in metaphase, and three hybridization signals will be visualized at inter- 
phase. 
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even smaller defects. In the hunt for specific disease genes, a molecular 
cytogenetic defect in the gene itself might be revealed, because any aberration 
resulting in nonidentical labeling of homologous chromosomes is readily 
apparent by this technique. Clearly, the technology has value for clinical 
research into the etiology of genetic disease, but the potential for clinical 
diagnostics is also strong. A few areas of potential application to cytogenetic 
abnormalities are summarized below. 

Hybridization of chromosome libraries, chromosome-specific centro- 
mere probes, or even small single-copy sequences can all make readily 
apparent monosomies or trisomies of specific chromsomes (see, for example, 
Figure 1C). The most common clinical abnormalities in this category are 
trisomies 21, 13, and 18 and the sex chromosome abnormalities XO, XXX, 
XX, and XYY. With the use of a collection of several probes for the above 
chromosomes with multiple labels, it should be possible to screen for several 
aneuploidies at once. Although all of these aberrations are readily detectable 
by standard karyotypic analysis, an advantage of the in situ hybridization 
approach is that it can be done directly in interphase cells, making it unnec- 
essary to culture cells, such as amniotic fluid cells or peripheral blood 
lymphocytes. Cremer et al. (1986) described the use of "interphase cyto- 
genetics" for detecting trisomy 18, and other investigators have used this 
approach with chromosome libraries, for example, for demonstration of 
trisomy 21 (Lichter et al. 1988; Pinkel et al. 1988). Although initially done 
with chromosome libraries, the more discrete signals generated by smaller 
probes such as cosmids or cosmid sets are more easily enumerated (Lawrence, 
unpublished observations) . 

Chromosome libraries or specific repeats can also be used for the detec- 
tion and characterization of translocations, as shown in Figure IB. This 
strategy is applicable to the detection of specific translocations known to 
characterize particular types of cancers. In addition, translocations that appear 
to be balanced can be analyzed much more precisely using ai battery of probes 
for a specific chromosomal region. Translocations may be even more readily 
detected at interphase using two probes known to flank the breakpoint, which 
will be detected unusually close together (on the same chromosome) when 
the translocation is present. 

Submicroscopic deletions involving a few kilobases or more of DNA 
are readily apparent by in situ hybridization, which allows for many potential 
applications. Carrier detection is one example, since heterozygous gene 
deletions are difficult to identify by Southern blot analysis because hetero- 
zygosity is manifest only as the change in intensity of a band, often difficult 
to discern. With in situ hybridization, on the other hand, heterozygosity is 
readily apparent as the total absence of signal on one homologue. The 
presence of signal on the other homologue serves as an internal positive 
control. Because hybridization efficiency is high (>90%), deletions can be 
confidently identified by analysis of just a few cells. Duchenne's muscular 
dystrophy is an excellent example of how in situ deletion detection might be 
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useffJ. In this disease, the most common molecular defect has been identify 
as deletions of 6 kb or more in the dystrophin gene (Koemg et al. 1987 . 
Once a specific deletion is identified in an affected male by filter hybndi- 
zation with different probes, female family members can easily be screened 
for the same deletion nsing metaphase or interphase analysis (Lawrence et 
al 1991) Affected individuals themselves might be screened with a small 
battery of probes for the most common deletions. As specific defects in 
inherited diseases are identified and characterized and the sensitivity and 
convenience of these techniques increases still further, the number of poten- 
tial applications will grow. As considered below, one major area m which 
this may prove to be very important is in the diagnosis and study of cancer, 
which is essentially a genetic disease of somatic cells. 

APPLICATIONS OF FLUORESCENCE 
mBRIDIZATION TO CANCER GENETICS 

Genetic changes are now well recognized to have a fundamental involve- 
ment in the complex process of cancer development for many, if not all, 
cancers. The specific genetic changes which contribute to cancer involve 
altered gene expression as a consequence of gene loss resulting from trans- 
locations or deletions, or smaller mutations such as point mutations. The 
ability of fluorescence in situ hybridization to provide more precise molecular 
cytogenetic analysis promises to make a significant contribution to the un- 
derstanding and detection of genetic changes in cancer. Here we consider 
some of the ways in which in situ hybridization can be useful in investigating 
the etiology and diagnosis of cancer, after briefly reviewing some of the 
major types of genetic changes known to be involved. 

The first consistent chromosome change in human cancer was the Phil- 
adelphia (or Ph') chromosome in chronic myelogenous leukemia (Nowell 
arid Hungerford, 1960), which occurs as the result of a translocation between 
chromosomes 9 and 22 [t(9;22)(q34;qll)] (Rowley, 1973). There are now 
at least 70 recurring translocations that have been detected m human malig- 
nant cells (reviewed in Trent et al. , 1989). For example, chromosome trans- 
location breakpoints have been described in the mixed parotid gland tumors 
at 3q21 and 3q25; (Mark et al., 1980). A consistent deletion is another 
genetic factor frequently observed in human cancer, with deletion of a 
specific region correlated with a particular tumor tissue type. These re- 
arrangements may be multiple and complex. For example, in human colo- 
rectal carcinomas, 5q, I7p, and 18q are all found to be altered m many 
tumors (Baker et al., 1989), and a putative tumor suppressor gene, Mcc, has 
been found at 5q21 (Kinzler et al., 1991). 

In the progression of tumor formation, it has been found that either the 
activation of oncogenes or the inactivation of tumor suppressor genes, or 
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both, play an important role. Proto-oncogenes, or the counterparts of viral 
oncogenes, have been found to be related to some chromosomal rearrange- 
ments recurrent in certain types of human cancers (Bishop, 1987). Mapping 
of these proto-oncogenes to human chromosomes revealed that many are 
located at the breakpoints implicated in different cancers (Heim and Mitel- 
man, 1987). For example, the MYC proto-oncogene is found located at band 
8q24, which is the breakpoint in Burkitt's lymphoma (Dalla-Favera et aL, 
1982), and the RAF1 oncogene has been mapped to band 3q25, which is 
often broken in mixed parotid gland tumors (Bonner et aL, 1984). Hence, 
chromosomal changes may directly or indirectly induce the activation of 
oncogenes. 

The tumor-suppressor genes are a group of genes which have important 
functions in the regulation of normal cell proliferation and development and 
whose presence in normal cells is required to prevent the emergence of a 
tumor. Loss of function of tumor suppressor genes has been found or is 
suspected in many different cancer types. A predominant example is the 
development of retinoblastoma, now known to involve loss of both allelic 
Rb genes mapped on the long arm of chromosome 13ql4. Deletions of 
chromosome 13q are a consistent finding in patients with constitutional 
chromosome abnormalities who had a high incidence of retinoblastoma 
(Francke, 1976; Friend et aL, 1986; Lee et aL, 1988; Harbour et aL, 1988; 
Horowitz et aL, 1990). Individuals with the hereditary form of retinoblastoma 
have been found to have inherited the loss of one copy of the gene in the 
germ line, and then a somatic event inactivates the normal allele inherited 
from the other parent. It is now clear that Rb inactivation plays a key role 
in the pathogenesis of several commonly occurring tumors, including small 
cell carcinoma of the lung, bladder cancers, and breast carcinomas (T'ang 
et aL, 1988; reviewed in Marshall, 1991). 

One of several recent developments which have opened new opportun- 
ities for understanding the role of genetic factors in cancer is the expansion 
of capabilities for precise gene mapping. There are a number of reasons why 
the assigning of genes to chromosomes has received considerable attention. 
A key route to Finding genetic factors involved in cancer is to identify genes 
affected as a consequence of specific chromosomal rearrangement that occur 
consistently in certain tumor types. Therefore, gene mapping will provide 
the essential information regarding the chromosomal location of genes in- 
volved in cancer and in the precise identification of the gene itself, which 
can be approached by several strategies. 

Mapping Tumor Suppressor-Gene Candidates to Chromosomes 

One approach in which in situ hybridization has potential to contribute 
to cancer genetics is to identify the chromosomal locus of a known gene 
which, based on its biochemical function, may be a putative tumor suppressor 
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or oncogene. It can then be determined if that locus correlates with known 
specific chromosomal changes implicated in tumors. Two examples in which 
our laboratory has applied this strategy, as part of collaborative efforts, 
involve genes encoding tyrosine phosphatases (Brown-Shimer et aL» 1990) 
and pl07, a protein with biochemical similarities to Rb (Dyson et aL, 1989; 
Ewen et aL, 1989; DeCaprio et aL, 1989). This has resulted in the identi- 
fication of two candidate genes possibly involved in myelogenous leukemia 
(Brown-Shimer et aL, 1990; Ewen et aL, 1991). This possibility must then 
be further investigated by analysis of whether those genes are specifically 

mutated in this cancer. 

Biochemical studies have shown that increases in tyrosine phosphory- 
lation by receptor tyrosine kinases lead to altered cell growth; hence, tyrosine 
kinases are recognized as important in the biochemistry of cancer. Similarly, 
loss or reduction in activity of a phosphotyrosyl phosphatase will also result 
in net increases in the phosphotyrosine content of cells and potentially lead 
to oncogenic transformation. P7PG, the gene for protein-tyrosine phospha- 
tase 7 has been mapped to chromosome region 3q21 and is found frequently 
deleted in renal cell carcinoma and lung carcinoma (LaForgia et aL, 1991). 
Hius, the chromosomal location of tyrosine phosphatases has been of in- 
creasing interest (Brown-Shimer et aL, 1990; LaForgia et aL, 1991). 

To determine if PTPase IB mapped to any chromosomal site known to 
correlate with a specific cancer, a genomic clone was isolated and used as a 
probe for fluorescence hybridization to banded metaphase chromosomes. As 
illustrated in Figure 4, it was found that the human PTP1B gene is a single- 
copy gene located on chromosome 20ql3.1-ql3.2. This was of interest 
because the long arm of chromosome 20 was known to show deletions in or 
near this region in a significant fraction of cases with myeloid disorder (Davis 
et aL, 1984), raising the possibility of involvement with myelogenous leu- 
kemia. Another putative tumor suppressor gene pl07 was found to map to 
20q (Ewen et aL, 1991), possibly closer to the most consistent deletion in 
myelodysplastic disease (Yunis et aL, 1988). The pl07 protein has been of 
much interest as a potential tumor suppressor because it was found to share 
functional properties with the tumor suppressor product, RB, and binds to 
SV40 large T antigen and adenovirus El A (DeCaprio et aL , 1989; Dyson et 
aL, 1989; Ewen et aL, 1989). A cDNA clone for human pl07 has been 
^ obtained, and its coding sequences map to chromosome 20ql 1 .2. Using two- 
plor hybridization it was directly shown that pl07 is proximal to the cen- 
|)i»ere relative to PTPase IB (Ewen, et aL, 1991). Hence, these two genes 
9^de good maikers as well as candidate genes to better characterize the 
Hons of 20q in the tumors, which is often difficult with just banding 

" >:: -lifter mapping tumor suppressor genes to chromosomes from normal 
human samples, the next step is to identify if there is an allele loss in cancer 
cells. With clones of the possible tumor suppressor genes, in situ hybridi- 
zation can be used to determine the number of copies of the gene in the 
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cancer cells compared with normal cells. In some cancers, the inactivatioii 
of both copies of the gene may be caused by different types of chromosomal 
changes. For example, in familial retinoblastoma, only a small fraction of 
the patients show germ-line loss of the first copy of the gene at the cytogenetic 
level. In most cases, no obvious cytogenetic abnormality can be detected 
and the inherited mutation is either a small deletion or even just a point 
mutation. However, the somatic event that causes the loss of the second copy 
is usually a large deletion, recombination, or total chromosome loss. For 
such changes, in situ hybridization will pick up the second, large deletion of 
the gene, but may not be able to detect the smaller abnormality in the first 
gene copy. In contrast, both copies of the gene in normal cells will be 
detected. This is essentially the same type of analysis for "heterozygosity" 
testing as described above, demonstrated for carriers of constitutional dele- 
tions in the dystrophin gene. 



Search for Unknown Genes at a Known 
Chromosomal Breakpoint 

Another strategy for which high-resolution in situ hybridization is useful 
is in searching for an unknown gene at the precise site of a known chro- 
mosomal breakpoint. This generally involves screening libraries of cosmids 
or yeast artificial chromosomes (YACs) from whole chromosomes or chro- 
mosome segments to find those clones closest to the breakpoint. Double- 
label fluorescence hybridization can be extremely valuable in searching for 
sequences near a deletion or breakpoint. The search generally would begin 
by identifying the two closest flanking markers for a specific deletion from 
previously mapped genes or RFLPs. Commonly, these flanking markers will 
be on the order of 5 to 10 Mb apart, an enormous distance when looking for 
a single gene. The two flanking markers can both be labeled in either red or 
green, and then probes for unknown sequences from that chromosome dif- 
ferentially labeled in the opposing color. The position of the clone of interest, 
as being between or outside of the two flanking markers can then be evaluated 
by in situ hybridization of the three probes simultaneously to metaphase and 
interphase cells. We have found this approach useful in searching for se- 
quences near a translocation breakpoint flanked by markers 6 centimorgans 
(—6 Mb) apart (D. Shapiro and J. Lawrence, work in progress). 

In searching for sequences at the breakpoint of chromosome 1 lq23 
translocated in human acute leukemia, a series of YAC clones containing 
known genes on llq23 were used as probes to hybridize to chromosomes 
from patients with acute leukemia (Rowley et al., 1990). What has been 
found is an intense labeling on the normal chromosome 1 1 and a less intense 
signal on the rearranged chromosomes as well as on the translocation partner. 
Hence, the YAC appeared to be split because of the translocation, indicating 
that the critical sequences at the breakpoint were within the YAC. This 
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greatly facilitates the identification of the gene, by limiting the area of the 
"walk" to identify coding sequences. 

Molecular Cytogenetic Detection of Deletions, 
Translocations, or Other Chromosomal Rearrangements 
Associated with Specific Tumors 



In the inherited forms of retinoblastoma, the absence of genetic material 
inherited from one of the parents can be detected by the loss of heterozygosity 
for markers flanking the locus. Since similar events uncovering recessive 
somatic mutations occur in the sporadic forms of retinoblastoma (Cavenee 
et al., 1983), the consistent loss of heterozygosity at specific loci in cancers 
may indicate deletion of tumor suppressor genes. As described above, het- 
erozygous gene deletions may be difficult to identify by Southern blot anal- 
ysis; however, with in situ hybridization submicroscopic deletions involving 
1 to 2 kilobases or more of DNA are apparent as the total absence of signal 
on one homologue. The presence of signal on the other homologue serves 
as an internal positive control. Alternatively, fluorescence hybridization can 
be used to detect the amplification of specific sequences. This is evidenced 
as an increased number of signals for what is normally a single-locus probe, 
or, in some cases, increase intensity of specific signals. For example, it has 
been shown that neu oncogene is amplified in breast cancer (Salmon et al,, 
1989). Hence, the same technique that detects deletions should also be useful 
to identify gene amplification, which may be important for tumor prognosis. 

To detect the specific translocation known to characterize particular types 
of cancers, chromosome libraries (see Figure IB), specific repeats, or a 
group of probes for a specific chromosomal region can be used. Transloca- 
tions may also be detected on metaphase chromosomes by comparing the 
location of probes which flank the site of the breakpoint on a given chro- 
mosome, as schematically represented in Figure 3C. For analysis of more 
easily obtained interphase cells, translocations may also be detected using 
two probes, one from each of the chromosomes involved in the translocation, 
which will be detected unusually close together (on the same chromosome) 
when the translocation is present (Figure 3C). In the case of bcr-abl fusion 
in chronic myelogenous leukemia, the fusion involves a translocation 
t(9;22)(q34;qll) to produce the characteristic Philadelphia (Ph 1 ) chromo- 
some. The bcr probe and abl probe were labeled with two different fluores- 
cence colors (red and green), and in situ hybridization was used for detection 
of the fusion in metaphase and interphase cells (Tkachuk et al., 1990). In 
contrast to the normal metaphase with abl and bcr at chromosomes 9 and 
22, respectively, the bcr-abl fusion is shown by a very close two-color pair 
located in the Ph 1 chromosome. In interphase nuclei, one red and one green 
signal from chromosomes 9 and 22, respectively, were located randomly in 
normal interphase cells but in cells carrying the translocation appeared as a 



1 
1 



1 

1 



e2 



Section I 

red-greej 
the prese 

Analysi 

Non 
and anal 1 
of viral j 
ogy of c 
HP V (hi 
eluding r 
arising ii 
lieved th; 
was not : 
as well a 
or prolifc 
1991). T 
gration o 
the detec 
The fluo 
integrate* 
sister ch 
episomes 
multiple 
the chron 
the locali 
be irapoi 
specific < 

Nuclear 

The i 
nology id 
mosomes 
organizati 
understan 
three-dim 
While thi 
may also 
mosomal 
mosomes 
chromoso 
reflect, ir 

Whil, 
(reviewed 



Section I 



19 



red-green doublet, with the separation between the two <1 M-m, indicating 
die presence of the bcr-abl fusion gene. 

Analysis of Viral Integration Sites 

Nonisotopic in situ hybridization also makes possible the visualization 
and analysis of individual viral genomes within single cells. The introduction 
of viral genetic material into human chromosomes is implicated in the etiol- 
ogy of certain diseases, including different type of cancers. For example, 
HPV (human papilloma virus) is associated with several malignancies in- 
cluding nasopharyngeal carcinoma and Burkitt's and other B-cell lymphomas 
arising in immunosuppressed patients. While it was previously widely be- 
lieved that integration of EBV occurred only in a few aberrant cell lines and 
was not important in the transformation process, using in situ hybridization 
as well as Southern blot analysis indicated that when EBV infects activated 
or proliferating B-cells it persists as a single integrated copy (Hurley et al., 
1991). This finding then raises the interesting issue of to what extent inte- 
gration could be playing a role in cancer formation. This finding, as well as 
the detection of episomal vs. integrated genomes, is illustrated in Figure 5. 
The fluorescence in situ hybridization can readily demonstrate single-copy 
integrated genomes in metaphase cells due to the identical labeling of the 
sister chromatids in the same chromosome. In contrast, cells containing 
episomes, which are always present in multiple copies, should demonstrate 
multiple single hybridization signals, apparently randomly associated with 
the chromosomes (Hurley et al., 1991). This enhanced ability to investigate 
the localization of viral genomes with respect to cellular genes is likely to 
be important for understanding the potential role of viral integration in 
specific chromosomal rearrangements or cancer. 

Nuclear Organization 

The new genre of more powerful nonisotopic in situ hybridization tech- 
nology makes possible not only a more refined analysis of genes on chro- 
mosomes, but also opens the door for investigations into the higher-level 
organization of the interphase nucleus. Efforts to completely describe and 
understand complex genomes will ultimately require investigations into their 
three-dimensional organization in their functional state within the nucleus. 
While this has primarily a cell biological or developmental significance, it 
may also prove relevant to understanding the causes of some specific chro- 
mosomal aberrations. For instance, translocations between different chro- 
mosomes are not observed as random, but there is a propensity for certain 
chromosomes to be found recombined with one another, which could possibly 
reflect, in part, higher-level chromosome organization. 

While much is understood about the nucleosome structure of chromatin 
(reviewed in Georgiev et al., 1981; and in Weisbrbd, 1982), little is known 
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Figure 5. Detection of integrated and episomal viral genomes (A-C) Fluorescein hybridization 
signals using a BamHl W probe to the EBV genome, showing sister chromatid labeling of 
integrated EBV genomes. C shows that the same integration site is observed in identical positions 
in different cells of a chromosomal cell line. (D-G) The detection of episomal EBV genomes. 
(D) DNA hybridization within interphase nuclei of a cell line shown by Southern analysis to 
cany numerous episomal genomes. (E) DAP1 DNA staining of nuclei in D. (F) Metaphase 
figures show numerous signals, but not in obvious sister chromatid labeling and in highly 
variable patterns. (G) DAPI of metaphase in F. (From Hurley, E. A. et ah, J. Virol. 65, 1245, 
1991. With permission.) 

as yet about the higher-level organization of chromosomes and genes within 
the nucleus (Manuelidis and Borden, 1988; Hamkalo and Rattner, 1980). A 
three-dimensional order of chromatin within the interphase nucleus has been 
suggested by a variety of cytological observations (Comings, 1968, 1980; 
Manuelidis, 1985; Cremer etal., 1982; Hochstrasser and Sedat, 1987; Chung 
et aL, 1990), some dating back over 100 years (Rabl, 1885). However, our 
understanding of nuclear organization has remained at a preliminary stage, 
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restricted primarily to investigations of satellite sequences (Manuelidis, 1984) 
or nuclear landmarks, such as the nucleolus. Such studies have clearly 
reinforced the cell type-specific higher-level organization of the genome; 
however, more refined analysis can now be done using a methodological 
tool which makes possible localization of specific single-copy genes as well 
as their cognate RNAs. Initial application of this tool revealed that the EBV 
genome is confined to an inner sphere of the nucleus representing only 50% 
of the volume, strongly indicating a sequence-specific, higher-level order 
within interphase chromatin (Lawrence et ah, 1988), Even in randomly 
rotated suspension cells, the propensity for some sequences to be peripheral 
while others are confined to the nuclear interior has been readily observed 
for a host of other genes. For example, the neu oncogene has an interior 
localization in peripheral blood lymphocytes, whereas the dystrophin gene 
localizes at the extreme nuclear periphery, even in male cells where there is 
no Barr body (Lawrence et ah, 1990). While there is clearly a nonrandom 
orientation to genes within nuclei, there appears to be substantial plasticity 
with regard to their precise localization (Lawrence, Coleman, and Xing, 
unpublished observations). This is also suggested by work demonstrating 
that the relative position of the two homologous chromosome 1 centromeres 
is highly variable (Van Dekken et al., 1990). The localization of expressed 
EBV sequences to the nuclear interior in Namalwa lymphoma cells is of 
particular interest in light of earlier suggestions that active chromatin localizes 
around the nuclear periphery (Hutchinson and Weintraub, 1985; Blobel, 
1985; Pucketal., 1990). 

Recent results provide strong evidence for die compartmentalization of 
the nucleoplasm into functional domains. For several years it has been 
reported that immunofluorescence for snRNP antigens of the RNA processing 
type produces clustered patterns within interphase nuclei (Fakan et al., 1986; 
Ringertz et al., 1986; Spector, 1990) although it had not been fully accepted 
whether this pattern is bona fide. Our laboratory has recently found that total 
poly(A) RNA, constituing 90% of mRNA, is localized within 10 to 20 
discrete interphase domains (Carter et al., 1991). It was further shown that 
these "transcript domains' 9 are enriched in snRNP proteins, making it highly 
likely that these are sites of mRNA processing. Other results indicate that 
these domains arc nonrandomly positioned with respect to the underlying 
genome, raising the possibility that they are sites of mRNA transcription 
(Carter et al., 1991). A major goal of work in this area in the next several 
years will be to determine if active genes are clustered and, if so, if func- 
tionally related sequences or sequences from particular chromosomes are 
consistently localized together in specific cell types. The feasibility of a 
functional association of genes on different chromosomes is clearly estab- 
lished by the nucleolus, which represents the functional interaction of se- 
quences on ten different chromosomes. 

Work from several labs indicates that an individual chromosome does 
not extend throughout the entire nucleoplasm, but concentrates in a more 
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restricted space (Cremer et al., 1986; Pinkel et al., 1988; Lichter et al., 
1988). It remains to be determined whether specific chromosomes are con- 
sistently positioned with respect to one another, which evidence indicates 
would occur in a cell type-specific manner. If so, this could in part explain 
why specific chromosomal pairs are most commonly translocated to one 
another in specific cell types. Another likely explanation for this is that the 
activation of oncogenes or deactivation of tumor suppressor genes which 
occurs as a consequence of a particular chromosomal rearrangement confers 
a selective advantage only in specific cell types. In this scenario, the fte- 
quency of different translocations is the same in all cells, but different ones 
are selected for in different cell types. It is perhaps likely that both of these 
mechanisms play a role in producing the higher cell type-specific distribution 
of chromosomal aberrations. 

Another important feature of high-resolution in situ hybridization tech- 
nology which has already provided insights into nuclear structure and has 
potential to contribute to investigations of genetic disease, is the ability to 
detect primary nuclear transcripts from expressed genes. Fluorescence visu- 
alization of specific viral RNAs has revealed very localized, often curvilinear 
"tracks" of nuclear RNAs up to 5 (i long (Lawrence et al., 1989, Figure 
11B). This strongly suggests a highly structured nuclear interior in which 
RNA is not freely diffusing, and recent work indicates that this RNA may 
be tightly associated with a nonchromatin fibrillar matrix (Xing and Law- 
rence, 1991). Other potential applications for nuclear RNA detection may 
involve investigations into genetic disease; aberrant gene expression can 
result from a defect at one of several steps from gene to active protein. In 
the case of Duchenne's muscular dystrophy, a significant fraction of genetic 
defects in this gene (other than the -60% known to be large deletions; 
Koenig et aL, 1987) may result from defects in the enormous degree of 
processing that the dystrophin transcripts must undergo. Nonisotopic in situ 
hybridization provides a potential tool for detecting any chromosomal or 
genetic aberration that results in defective RNA processing. 
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